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NEWS from CPSC

U.S. Consumer Product Safety Commission

Office of Information and Public Affairs Washington, DC 20207

FOR IMMEDIATE RELEASE CONTACT: Kathlech Begala
June 4, 1996 (301) 504-0580 Ext, 1193
Release # 96-140

CPSC Releases Study of Protfective Equipment for Baseball

*We want kids outside in the sunshine, not inside in an emergency room," said CPSC Chairman Ann
Brown.

WASHINGTON, D.C. The U.S. Consumer Product Safety Commission (CPSC) announced today
that safety equipment for baseball could significantly reduce the amount and severity of 58,000 (or
almost 36 percent of) baseball-related injuries to children each year.

Baseball, softball, and teeball are among the most popular sports in the United States, with an
estimated 6 million children ages 5 to 14 participating in organized leagues and 13 million children
participating in non-league play. In 1995, hospital emergency rooms treated 162,100 children for
baseball-related injuries.

At a press conference at Camden Yards stadium, home of the Baltimore Orioles, CPSC released the
findings from its one-year study on the ability of protective equipment, including softer-than-standard
basebalis, safety release bases, and batting helmets with face guards, to reduce injuries to children
playing baseball.

"CPSC is the federal agency responsible for overseeing the safety of 15,000 different types of
consumer products, including sports equipment and products claiming to reduce injuries and increase
safety,” said CPSC Chairman Ann Brown. "Parents need to know what options they have in
protective equipment so they can make the best decisions for their children playing baseball.”

Nick Senter, executive director of the Dixie Baseball League, an organization based in 11 Southern
states, and Richard Bancells, trainer of the Baltimore Oriole's baseball team, joined Chairman Brown
for today's announcement.

Senter said, "Since we began using batting helmets with face guards in the Dixie League, we've seen
a drop in both injury rates and insurance rates."

CPSC collected and analyzed data on baseball, softball, and teebali-related deaths and injuries to
children to determine specifically how these children were injured and what safety equipment could
prevent such injuries. CPSC also studied voluntary safety standards and reviewed published scientific
liteature evaluating currently available protective equipment.

CPSC analyzed the 88 reports it received of basebal]-related deaths of children between 1973 aad
1995. 1t found that 68 of the deaths were caused by ball impact and 13 were caused by bat impact, Of
the 68 ball impact deaths, 38 resulted from blows to the chest while 21 deaths were caused by a ball

hitting a player's head.

Of the 162,100 hospital emergency-room-treated injuries in 1995, most of the injuries (almost 75
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pereent) oceurred to older children ages 10 to 14. This age group represents about half of the total
?  number of children playing baseball.

Of the total number of injuries to children, CPSC considers about 33 percent severe, including
fractures, concussions, internal injuries, and dental injuries. The remaining 67 percent less severe
injuries include contusions, abrasions, lacerations, strains, and sprains. More than 50 percent of the
children under age 11 who were injured while playing baseball sustained injuries to the head and
neck area, while a larger percentage of older children sustained injuries to their arms and legs.

Based on its analyses, CPSC found that three pieces of safety equipment will help reduce injuries.

Softer-than-standard baseballs and softballs, which have a softer, spongier core than standard
baseballs and softballs, can reduce ball impact injuries. Face guards that attach to batting helmets and
protect the face can reduce injuries to batters.

Safety bases that release from their anchor can reduce sliding injuries. Safety release bases that are
based on age, gender, and skill levels of the players provide the best protection.

Conclusions from the CPSC Study:

o Baseball protective equipment currently on the market may prevent, reduce, or lessen the
severity of more than 58,000 injuries or almost 36 percent an estimated 162,100 hospital
emergency-room-treated, basebali-related injuries occurring to children each year.

e Softer-than-standard balls may prevent, reduce, or lessen the severity of the 47,900 ball impact
injuries to the head and neck.

o Batting helmets with face guards may prevent, reduce, or lessen the severity of about 3,900
facial injuries occurring to batters in organized play.

o Safety release bases that leave no holes in the ground or parts of the base sticking up from the
ground when the base is released may prevent, reduce, or lessen the severity of the 6,600 base-
contact sliding injuries occurring in organized play.

The U.S. Consumer Product Safety Commission protects the public from the unreasonable risk of injury or death
from 15,000 types of consumer products under the agency’s jurisdiction. To report a dangerous product ora
product-related injury and for information on CPSC's fax-on-demand service, call CPSC's hotline at (800) 638
2772 or CPS5C's teletypewriter at (300) 638-8270. To order a press release through fax-on-demand, call (301)
504-0051 from the handset of your fax machine and enter the release number. Consumers can obtain this release
and recall information via Internet at www.cpsc.gov or report product hezards to info{@cpsc.gov.
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Policy Statement

" Volume 93, Number4 ~April, 1994, p 690-692

Risk of Injury From Baseball and Softball in Children 5 to 14
Years of Age (RE9409)

AMERICAN ACADEMY OF PEDIATRICS

Committee on Sports Medicine and Fitness

Baseball is one of the most popular sports in the United States, with estimates of 4.8 million
children 5 to 14 years of age participating annually in organized and recreational baseball and
softball. Interest in and fascination with the sport have grown since the beginning of the 20th century,
but it was not until 1965 that the issue of "Little League elbow" raised concern about the safety of the
game. Recenat}y, highly publicized catastrophic impact injuries from contact with a ball or bat have
raised new safety concerns. These injuries provided the impetus for this review of the safety of
baseball for 5- to 14-year-old participants. The discussion focuses principally on baseball, but softball
is considered in accord with the availability of relevant literature. This statement mainly concerns
injuries during practices and games in organized settings; players and bystanders also can be injured
in casual play.

The term Little League elbow was used in 1965 to denote radiologic evidence of fragmentation
of the medial epicondylar apophysis and osteochondrosis of the head of the radius and
capitellum.][1,2] Subsequent studies of children 12 years old and younger[3,4} have found a
substantially lower incidence of abnormalities than originally described.[1,2] Early detection and
intervention seem to permit the complete resolution of symptoms and underlying structural
abnormalities.[S] More serious abnormalities become more common after the age of 13 years.[6-8]
The role that repetitive throwing in 5- to 14-year-old children may play in the evolution of elbow
overuse injuries at an older age remains to be determined. In response to concern about Little League
elbow, many youth leagues have attempted to limit the stress placed on young pitching arms. For
example, Little League Baseball, Inc limits pitchers to a maximum of six innings of pitching per
week and requires mandatory rest periods between pitching appearances.[9] Instruction in proper
pitching mechanics is another way to prevent serious overuse throwing injuries.[5,10]

The overall incidence of injury in baseball ranges between 2% and 8% of participants per year.
Most injuries are minor soft tissue trauma, usually to the face and upper extremity.[11,12] Sliding is
the cause of one third of the injuries to the lower extremity. In softball and baseball, the Velcro-
stabilized breakaway base significantly reduces this risk.[13,14]

Recently, concern has been raised about injuries to the eye.[15-17] Baseball secems to be the
leading cause of sports-related eye injuries in children, and the highest incidence occurs in those 5 to
14 years of age. Approximately one third of baseball-related eye injuries result from being struck by a
pitched ball. As a result, in this age group, the Sports Eye Safety Committee of the National Society
to Prevent Blindness has recommended the use of batting helmets with polycarbonate faceguards that
mest Standard F910 of the American Society for Testing and Materials.[18] These cover the lower
part of the face from the tip of the nose to below the chin; they also protect against injuries to the
teeth and facial bones. Functionally one-eyed athletes (those with best corrected vision in the worst
eye of <20/50) must use these faceguards; they also must protect their eyes when fielding by using
polycarbonate sports goggles. Eye protection also may be particularly important for young athletes
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wha have had previous surgery or serious eye injury.

! Recently the potential of catastrophic injury resulting from direct contact with a bat, baseball, or
softball has received publicity. Deaths have occurred from impact to the head resulting in intracranial
bleeding and from nonpenetrating blunt chest impact probably causing ventricular fibrillation or
asystole.[19-21] Statistics compiled by the US Consumer Product Safety Commission[11,22,23]
indicate that in the 8-year period from 1973 to 1980, 40 baseball- or softball-related deaths were
reported in children 5 to 14 years of age. Of these deaths, 21 resulted from head and neck injuries, 17
from nonpenetrating impact to the chest, and 2 from other causes, an average of 5 deaths per year. In
the 5-year period of 1986 through 1990, 16 baseball- or softball-related deaths were recorded, an
average of 3.3 per year. Eight deaths were due to head and neck injuries, seven were caused by chest
impact, and one was due to other causes. It would seem that there has been no significant recent
change in impact-related deaths in baseball and softball, but conclusions must be tempered by
differences in the sources for data surveillance for the two periods studied.{11,22,23}

Direct contact by the ball is the most frequent cause of death and serious injury in baseball.
Children S to 14 years of age seem to be uniquely vulnerable to blunt chest impact, because their
thoraces may be more elastic and more easily compressed.[24,25] Preventive measures to protect
young players from direct ball contact include utilization of batting helmets and face protectors while
at bat and on base; utilization of the catcher's helmet, mask, and chest and neck protectors; the
elimination of the on-deck circle; and the protective screening of dugouts and benches. Future
equipment may include chest protectors for batters and pitchers if this equipment can be developed in
an efficacious and acceptable manner. Modifications in the hardness and compressibility of softballs
and baseballs have been developed for use by children of different ages, with the intent of reducing
the force of impact while maintaining performance characteristics. The National Operating
Committee on Standards for Athletic Equipment (NOCSAE) has developed standards for these softer
baseballs.[26] Studies evaluating their playing characteristics and capacity to reduce injury are in
progress; but, at the time this review was completed, it was not yet clear whether these balls offer an
advantage in injury prevention.

Compared with older players, children less than 10 years of age often have less coordination,
slower reaction times, a reduced ability to pitch accurately, and a greater fear of being struck by the
ball. Some developmentally appropriate rule modifications are therefore advisable for this age group,
including the use of an adult pitcher, a pitching machine, or a batting tee; the avoidance of head-first
sliding; and perhaps the use of softer balls, if they are proven to be safer than standard ones.

There have been anecdotal reports of rare but serious cervical spine injuries occurring when a
player slides head-first, hitting an opponent with the top of the helmet. This injury is similar to that
caused by spearing in football. If further injury surveillance confirms the need, such sliding may need
1o be banned in players older than 10 years.

Much of the injury research has concemned baseball, or has not differentiated between baseball
and softball. Injury risks seem to be similar in softball, except that softball players are less likely to
incur overuse injuries of the pitching arm. Therefore, the same recommendations for injury
Ppreveation in baseball apply to softball, except for limitation on pitching.

RECOMMENDATIONS
The American Academy of Pediatrics recommends:
1. Pediatricians may be supportive of the desire of 5- to 14-year-old children to participate in baseball

2nd softball. Catastrophic and chronically disabling injuries are rare and do not seem to have been
ancreasing in frequency in the past decade. Surveillance of baseball and softball injuries should be

2. All preventive measures should be employed to protect young baseball pitchers from disabling
.  throwing injuries. These measures include a restriction on the amount of pitching, in both organized

j  and informal settings; instruction in proper biomechanics; and education of parents, coaches, and
children to permit early diagnosis and treatment of overuse pitching injuries.
3. All preventive measures that can reduce serious and catastrophic injuries should be employed in
both baseball and softball. These include the use of approved batting helmets; the catcher’s helmet,
mask, and chest and neck protectors; and rubber spikes. The elimination of the on-deck circle, the
protective fencing of dugouts and benches, and the use of breakaway bases are also recommended.
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rotective equipment should always be sized properly and well maintained. These preventive
measures should be employed in both games and practices and in organized and informal
participation. Developmentally appropriate rule modifications such as alternative pitching techniques
and the avoidance of head-first sliding should be implemented for children less than 10 years of age.
4, Baseball and softball players should be encouraged to reduce the risk of eye injury by wearing
polycarbonate eye protectors on their batting helmets. These should be required for the functionally
one-eyed athlete (best comrected vision in the worst eye of <20/50) or for athletes with previous eye
suxgery or severe eye injuries, if their ophthalmologists judge them to be at increased risk of eye
injury. The latter two groups should also protect their eyes when fielding by using polycarbonate
orts goggles.
?Oonsidge%laﬁon should be given to utilizing low-impact NOCSAE-approved baseballs and sofiballs
for children 5 to 14 years of age, if these balls demonstrate satisfactory playing characteristics and
reduce injury risk. Children younger than 10 years of age should be particularly encouraged to use the
lowest impact NOCSAE-approved balls because these children tend to be less skilled and
coordinated. A variety of studies should be undertaken to determine the efficacy of low-impact balls
in reducing serious impact injuries. Research should be continued to develop other new, improved,
and efficacious safety equipment.
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National Institute for Sports Science & Safety

Novanber 13,1997

-

Ted Breidenthal

NCAA

6201 College Boulevard

Overland Park, Kansas 66211-2422

RE: 1) Final Report for the NCAA Rescarch Program on Bat and Ball Performance
2) Proposal fora Rapid Compliance Program for Baseball Balk and Bats

Dear Ted,

Theencbsed Final Repart for the NCAA Rescarch Program on Bat and Ball Performance -
is the onginal copy. Ibave retained a copy for my records, butI will not disperse it until
1 have your approval. Even with that, my copy is not & good one and if possible | think
it would be best if the NCAA could disseminate high quality copies to those who request
them. 1fthe NCAA does decide to disseminate 1t, [ would appreciate 15 copies that ] can
send to those who helped. “ .o
‘Whik the Repaxt is long I bave tried to do my best to hst all of the impartant facts in the
section. More imnpartantly than this, perhaps, is the Recammendations section.,
Clexly, while I believe the Repart is the most thoroughly assembled document on this
subject, it does not give specific recanmendations for acceptable leves of bat-ball
perbrmance nor does 1t spedfy improvements in the test methodology. These were
spedfics that werebeyand the scope of this progam. :

Much remsins to be done in this area, but much of what needs to be done requires significant
funding and effart. It remains unclear how the ASTM/Brandt methodology will or will not
perfonm at reabstic velecities and it remains unckear if the Baum Hitting Machine can be
operated cost effectively by a second party. Much of this work will hopfully progess
soon. However, I now believe strongly that much more can be done immediately and with
minima) costs to the NCAA. (Tt will require a formml statement by the NCAA mandating
complianceby all manufacturers as part of the NCAA spedfications). In response to this
belief, Rick Greenwald, Ph.D. and I have proposed A Rapid Compliance Progam for
Baseball Balk and Bats. A copy of this proposal is also inclided.

It is impartant to note that the Rapid Compliance Program for Baseball Balk and Bats will

colisct and analyze data on all bat and ball modes used in NCAA play. This data will be
geneated fromtests required of manufacturas. Some of these tests are the existing NCAA

EAS 000398



speaficatons and other tests are addnjonal ones, such as higher velociues for ball COR
measurements and the Baum Hitang Machine. Thus, this compliance progam is not a
proposal for 2 new standard test methodology, but, more importantly at this time, will
genwate the most exhaustive database available on the products used in NCAA.  Such data
can then be used as gndelnes for future decsions by the Rules Cormmuttee and will also
ensure product compliance to existing spedifications.

[ would like to thank you for the oppartunity to work with you on this fascinating area 1
hope that our effarts have been helpful to you and your associates and I hope we can
continue worling on these issues,

Sincerely,

-~
N
i

J.J. Trey, Cnsco, Ph.D.
encl.

’t
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Title: A Rapid Compliance Program for Basebal! Balls and Bats

Principa! Investigators: J.J. Crisco Ph.D. and P.M. Greenwald, Ph.D.,
National Instuute for Sport Science and Safety (NISSS)
Providence, Rhode Jsland .

Introduction

The bat-ball contact at game velfocities is a complicated mechanical and bjomechanical
impact event. The available literature on this topic is limited, but growing. Laboratory test
methods have been developed to measure the performance of the ball and the bat (ASTM/Brandt,
Baum Hining Machine (BHM)). These methods have proved 10 be an engincering challenge, The
ASTM/Brandt method is presently the industry standard for predicting bat performance, but is
limnited in its ability to predict performance under game condiuons. While the BHM is a more
sophisticated apparatus for studying the ball-bat impact and is most likely a better predicator of
actuzl field events, its use as a s7zzndard test methodology remains to be demonstrated. The
existing methodology for estimating ball performance is limited. A complete discussion of the
advantages and hrutauons of each method can be found in the Final Report of the NCAA Research
Program on Bat and Balj Performance (Crisco, 1997).

An inmediate solution 1o many of the limitauons of the existing test methodologies is not
possible but is being addressed by others such as the group at the University of Massachuserts,
Lowel) Campus.

Regardiess of the performance level selected by the NCAA Rules Commurtee and the
associated test methodology, there is a paucity of documentation on bat and ball performance to the
existing NCAA guidelines. Further, new methodology such as the BHM have not yet been utilized
1o study the range of baseball and baseball bats presently used in NCAA.

In-
Purpose

The purpose of this program is three fold:

1. To place a third party (NISS3} in the role of collecting and analyzing data from
mapufacturers (first party) and testing laboratones (second parties).

2. To rapidly butld a specification and performance database on alf baseball balls and
basecball bats presently used in NCAA. .

3, To analyze this database 1o give the NCAA the most comprehensive understanding o
ball and bat performance available to &ny parny.

Deliverables to the NCAA

1. A complete catalogue of all specifications and performance criterion of all baseball balls
and bats used in NCAA by & third party (NISSS).

2. A full analysis of all performance data allowing specific comparison of test
methodologies.

EAS 00040
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Procedures
Manufacturers will be required to test their products using ASTM/Brandt and BHM
methodology. Tesung can be performed at any locarion, such as New York University, Fluid
Technologies Inc., Detron Testing Labs, UMASS - Lowell, etc.. The specific 1ests to ba conducted
on balls and bats include all presently used methodology and include: ball specification and COR
measurernents, and bat specifications and batted ball velocities. -
Manufacturers will be required to submit all data in a specified format toNISSS,  ~ # AN
NISSS will catalogue and analyze all submitted data. 2
NISSS will develop 2 bi-annual presentation of all data for the NCAA. Datawilibe 7 . -

blinded to product name and manufacturer information in all such presentations. = W"E"’i e
“e . ..l--‘" r’
Time Frame | S A

The Compliance Program can be implemented witlun wo months of agreement. __--;-' =7

Budget . = treo. - -"""_:'_'gl_-.;-.}_'-:
Costs to the I\CAA will include an annual charge of $4,500 plus travel costs for the two

principals to meet with the NCAA. IR AR U 7 vP’- %
Manufacturers will be required to cover alf testing costs. i _:_:ﬁ, e

All NISSS operaung costs will be covered through manufactarers on a per model cost
$250 for each ball model and $750 for each bat model).
(25010 it bl ol s T30 B cch ot model)

-
-

1]
A
L]

AW ]
o
L]

N,

This prowco! is expressly theintdiectud property of the National Insurute for Sport Science and Safery (N1SSS) and
13 p7 wented 10 the repmsentmaves of NCAA, for the pu~nse of conmderation and appooval  This propeo! will Tamsin ":
the property of NISSS uatll such time & NCAA formally contracts for its use thrangh a signd agroment by both
commmes Any othe useof this proocol must have advanced writen gppwoval by the xquanuﬁvu of NISSS . LT -“.‘,;_-;_

Upon acceptance of this Protocol, the Prooeol and all Data, Results and Reparts become the .-:nnﬁmni pmp:y of
NCAA snd may be riesed for pubbication or any othe use only with wricen pomassion from NCAA NCAA will
indemnify andholdN1SSS harmless for any acton resulting from the results and condusions of the study. ":"i.': . E d
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November 12, 1997

FINAL REPORT
NCAA Research Program on Bat and Ball Performance

Qctober, 1996 - September, 1997
Program Director: JJ Trey Crisco, Ph.D.. Prowdcncc. Rhode Island

Cover Figure. Bat motion fo the laboratory (Top) is constrained to an axis of romtion that is fixed (purple point) about
the bandle, ‘The acral motion of 8 baz during & swing is hfghly complex. 1o & typical swing (Bouom), the rowmtion axis
(represented by the purple points in the plane of the bat) lies inward and offset from the bandie. During the swing, the
roation axis moves forward end changes its {ocation fn space (data provided by Fleisig et al., 1997). The significance of
these differences in bat matinn on predicting bat perfonmance is unknows.
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Bat and Ball Performance

FINAL REPORT

NCAA Research Program on Bat and Ball Performance

QOctober, 1996 - September, 1997
Program Director: J.J. Trey Crisco, Ph.D., Providence, Rhode island

RECOMMENDATIONS

R1) A rigorous compliance program for documenting ball and bat performance should be adopted
immediately. Itis suggested that such a program require manufacturers to test balls and bats using
existing ASTM methodology and using the Baum Hitang Machine (BHM) methodology. The data
from all tests should be collected and analyzed by a third party. Manufacturers should cover all costs
for testing and data collecuon and analysis. ’

R2) A scientific field study on bat swing and batted ball velocities should be underaken using advanced
methods and statstically sufficient numbers of samples. This would vield crucal dara that could
serve as the “gold-standard” for evaluating Jaboratory test methods.

R3) Montoring of injuries by the NCAA Injury Surveillance System (ISS) should be expanded from the
present sampling levels of 14% and 18% of the baseball and softball programs, respectively, 10
include a greater percentage of softball and baseball programs. }

it v -!_-

R4) A scientfic meeting on bat-ball performance and related issues should be hosted. All interested
parues should be encouraged to submit their studies for presentation at this or other scientific
conferences such as ASMI's Annual Injuries in Baseball Course.,

.5'1!0!1
. i“‘: .
SUMMARY ' S

1.1) While scientific studies can gmwde an understanding of the factors leading to injury from the batted
ball, only the people of baszbal] and softball (i.e. the players, coaches, governing bodies, ete.), not
science, can define whar nisk of injury due (o the bated balls is accepiable. Thus, what risk is
acceptable is the major issue in regulating bat and ball performance, and the specifics of & $tandard
test methodology are secondary, i

1.2) The exact level of accepubibty (typically defined in terms of one or more standard laboratery
measurements such as maximum batied ball velocity) will be arbitrary, but should lie within values
suggested from scientific studies. -

1.3) Existin s‘t’mduds for bat and for ball performance are based upon practical experience with littie
scientific basis. v

2.1) Extensive data from studies on impact injunies to a wide range of tissue {c.g. muscle, bone, brain]
and on the reaction times of subjects clearly indicate that increases in impact velocity would increase
the severnity and the frequency of injury.

2.2) Injuries from the batted ball have occurred with the use of wood bats and raditional baseballs,

2.3) Baseball and softbal! remain the safest sportg (as defined by the frequency of injury) of thos
included in the NCAA Injury Surveillance System (ISS). .

2.4) 'I;; NCAA ISS repors that the frequency of injuries from the batted ball has remained constant sinc
1992,
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Bat and Ball Per{ormance

3.1) No rigorous scientific studies on bat performance have yet been published. The limited data that -
are available indicate that modemn non-wood bats outperform comparable wood bats, as defined by
maximum batted ball velocity. How much performance is actually obtained in the field depends
upon numerous factors and has not yet been rigorously determined.

3.2) The existing standard test method for estimating bat performance (ASTM/Brandt), in its present

form. is unlikely to be capable of predicting actval baned ball velocities in baseball or fast-pitch
softhall. This opinion is based upon the fact that the test pitch velocity is set at 60 mph (0 mrph
swing velocity), as compared to actual approach velocities of at least 150 mph (i.e. swing velocity
plus pitch velocity). Daua provided by two laboratories indicate that this limitation cannot be sirmply
correcied by increasing pitch velocity. There was 2 significant variability in the results on the same
bat model from three laboratories.
The Baum Hitting Machine (BHM) apparatus was recently subjected to an independent evaluation
and is considered the state-of-the-art for measuring both bat and ball performance. It prowides the
capabilitiss of measuring batted ball velocity for specified combinations of swing and piwch
velocites. Inter-lab variability was not addressed in the evaluation. The BHM should be comsidered
the most sophisticated apparatus available for swdying bat-ball impact performance. The practicality
of this apparatus as 2 standard test methodology remains 10 be demonstrated, .

4.1) Several scientific studies have demonstrated that the existing test methodology (ASTM), in its
present form, is insufficiens for predicring ball performance ar realistic velocities.

4.2) An improved standard test methodology for predicting ball performance is warranted and should be
the most timely and cost effective first step 10 improving the regulation of bat-ball performance.

5) Numerous factors affect batted ball velocity, including bat weight and weight distribution. Bats that
are lighter and more “handle-heavy” can be swung faster, Bat speed was shown 10 have a stronger
correlation with bat moment of inertiz (inerta) than bat weight. This sugpests that it would be more
effective 10 regulate bat inertia than bat weight The effects of weight and weight distribution on
swing mechanics and the ability of a player to alter their swing rmechanics with practice haye not been
studied, e

I

NOTE.

The above recornmenpdations and summary also apply to softball, however, there is less history in
softball product design and even less available data on softball bats and balls. However, several other
governing bodies of softball are already addressing the same concerns that motivated q:;:l:l@rscuch

Program. ki

The above Recommendations and Summary are based upon the presently available published
daia. “fore scientific swudies need 1o be performed and pyblished. It must >e appreciated that new
findings may eisher support or correct our present knowledge, potenrially leading to modifications of
the above Recommendations and Summary., = -~ Y2

L. 'L .
COMMENT. There is cleasly a paucity of rigorous scientific studies on ball-bat impact and performance.
A lack of funding is one of the reasons for this. In the opinion of the Program Director (JJC), a lack of
communication between the NCAA, manufacturers, and scientists has also contributed to limiting progress
in this area. Further progress in this area requires that the NCAA, MLB, manufacturers, scisntists
ol their resources, work together, and consider publication of findings as the only sappropriate means
or discussing and critiques results.

EAS 000405



Sl 8 i geltegd

Hat and Ball Performance

ACKNOWLEDGMENTS

Sincere thanks 10 those, listed 1n no special order, who have contnibuted to this program;

Advisory Panel .
Robent Adair, Ph.D., Yale University
Terry Bahill, Ph.D., University of Anzona
Allen Burton, Ph.D. and Pau! Cassidy, University of Minnesota
Clarence Calder, Ph.D., Oregon State University (Deceased)
Sue Kyle, Ph.D., Consumer Product Safety Commission

Investigators
Glenn Fleisig, Ph.D., American Sports Medicine Institute
Keith Koenig, Ph.D., Mississippi State University
Jim Sherwood, Ph.D. and Tim Mustone, UMass-Lowell
Larry Fallon, PE, S[gons Engineering
Roben Collier, Ph.D., Consultant; Lecturer, Dartmouth College
Jay Bhatt, Ph.D., Hillerich & Bradsby Co., Inc.
Rick Greenwald, Ph.D., Orthopaedics Biomechanics Insititute
Associaes gt Fluid Technologies, Inc.
Associates at Baum Research and Development °

Participating Laboraiories .
Orthopaedic Biomechanics Insitinte
Hillench & Bradsby, Inc.
Fluid Technologies, Inc.
Baum Research and Development
NCAA Sport Sciences

Funding/Donations
MLEB

NCAA
Hillerich & Bradsby Co.. Inc.
Easton
Worth
Deparment of Orthopaedics, Rhode Istand Hospital

- -
-

EAS 000408

- o
" wradh, T
. -'l,.."-t gt L



g

o WS

Bat and Pall Performance

BACKGROUND

Aluminum alloy bats were originally introduced into collegiate baseball in the mid 1970's as a cost-
effective alizmative to wood bats. While performance of the early alloy bats may have been limited,
improving bat performance became a principle design objective for manufacturers as a justifiable approach
for gaining market shares. The first standard requirement on bat design supponed by the manufacturers
wentin 1o effect in 1986 and set the minimum bai weight as five units less than its length (i.e. a 33 in. bat
could not weigh less than 28 0z). Changes in bat design continued rapidly and & preliminary limii on bat
performance (i.e. the liveliness of the bat in trrms of the maximum batied ball velocity) was proposed by
the manufacturcs and adopied by the NCAA in 1995. The reasons for establishing such a Limir were
growing concems that injunies from the baned ball will increase as bat performance improves and concems
of the imbalance between hutting and pitching.

Beginning in Octobee of 1996 and concluding in September of 1997, this Research Program was
established by the NCAA 10 re-evaluate the preliminary limits on bat and ball performance end to
critique other issues related to performance. i
p The Research Program was formulated as 8 goal driven program and five specific aims were

AIM 1. To determune the injury paterns from the batted ball o

AIM 2. To evaluate what response time 1s necessary to avoid impact from a bated ball.

AIM 3. To evaluate existing test methods for predicting ball performance. =

AIM 4. To evaluate existing test methods for predicting bat performance. "

AIM 5. To determine the effects of bat mass and inertia on swing velocity. -

P

- -

To address these aums, several studies were conductzd under this program (Fallon et al., 1997;
Cassidy and Buron, 1997; Hendee et al, 1997; Fleisig et al, 1997; Koeing et al., 1997; Greenwald and
Crisco, 1997). In addition, two existing methods (Brandt, 1994/ASTM, 1996; Baum, 1997) for
measuring bat performance were reviewed. The final reports of the studies that were available at this tme
are provided in the Append:x. 2

N o e

‘This Final Repon is an anempt to collect and to report the findings of this Research Progrurs, The
Report is structured into two main sections one on injury and one on ball and bat perfformance. We have
atempted to repon the findings as objectively as possibie. It should be cicar and it will be obvious that the
Program Director places significant weight on the formal publication of results and opinions. = Where
possible, we have avoided making or supporung any conclusions that are not based on publicly availshle
documents. The lack of published sciennfic studies was the most significant limitation and obstacle to this
£ntire program. . R

There arc numerous limitations to this Research Program. In generzl, this Program was neither
designed to develop new standard test methodologies nor was it designed to evaluate ball and bac
performance of existing products. Specific limitations to each methodology and swdy are hopefully
provided in the body of the Report, where appropriate. This Program did not address the issuc that non-
wood bats may have altered the balance between offense and defense. While baned ball velocity was the
Pprimary quantitative measurernent of bat performance examined in this report, the distance the ball travels
was not addressed  How far a ball can travel requires a significant effont into the ssrodynamics of the ball
which is beyond the scope of this report. Those interested in this area are encouraged to begin by reading
the texts by Adair (1994) and Watts and Bahill (1950).

Finally, and most importantly, I would again like to acknowledge and 1o thank those who have
contributed 1o this report.

<
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Bat and Ball Pesformance

INJURY

One of the major concerns with increases in batied ball velocities due to improved bat and ball
performance is the risk of injury. The most specific concem is the nsk of injury to pitchers who are
unable to react fast enough to protect themselves. To address this concern of injury four separate issues
were investigated. The first 1ssue was 10 determine the injury patiems from the baned ball (Aim 1),
Second, was 10 determine what response umes are nesded to allow a player to react to a barted ball and
avoid injury (Aim 2). Third, a brief summary of the known effects of increased impact velocity on the
severity and the frequency of injury are presented. Fourth. an approach to setting standards for injury
prevention are discussed.

AIM.1. To determine the inj . from the batted ball

Introduction

This Aim sought to evaluate the injury data and injury paterns associated with contact from the
batied ball. The only injury data base available for such an evaluanon 15 the NCAA Injury Surveillance
System (ISS). A brief descnption of the NCAA ISS was exvacted from the ISS Fact sheet and is

rovided below. Requests for details of the ISS should be directzd to Randy Dick, Assistant Director of
gpom Sciences, NCAA.

The NCAA ISS was developed in 1982 to provide current and reliable data on injury trends in
intercollegiate athletics. Parucipation in the NCAA ISS is voluntary and limited 10 epproximarely 900
schools for 15 spons. For the data used in this study, 110 of 760 bascball programs parucipated and 125
of 702 softball programs participated. Therefore, it is important 10 emphasize that this does not identify
EVERY injury that occurs at the NCAA institutions in a particular sport. Rather, it collects a sempling that
is represantative of 2 national cross-section of institutions. The dai2 are recorded by certified and student
athletic trainers from partcipating institutions. Information is collected from the first official day of
preseason practice to the final tournament contest  The data are analyzed using two specific measures:
Athletic Exposures and Injury Rate. .

Athletic Exnosure. An athletic exposure (A-E) is the unit of risk in the ISS and is defined as one
athlete participating in one practice or game where he or she is exposed to the possibility of athledc injury.

i An injury rate is simply the ratio of the number of injuries in & particular category to
the number of athletic exposures in that category. .

The analysis conducted here examined injuries from the batted ball in games only. Data from
practices were excluded because of the potental for extrancous circumsiances. The analysis was
ﬁsrfom:cd using the data available from the NLAA 1SS for both softball and baseball. Although the

9(:9%&155 was developed in 1982, data on injuries from the baned ball are only available from 1992 to
1 . . -

Review . . .
The data from the NCAA 1SS were analyzed and plotied in Figures 1 and 2 below. -

-
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Game Injunies from Batied Balis
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Figure 1. Injury rate for players and fgjpiwhc:s injured by the batted ball during games for the yesars the
data were available. There were no significant changes wxfh! Gme. Injury rate for both baseball and .

softball were similar. . ",
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2. Number of Athletic Exposures (AE), défined in this analysis as one player per one game, for
each year of the analysis. AE multiplied by injury rate gives number of injuries recorded in sample. Total
expcctadinjuriesmﬂmnesﬁmawdbysu{h g 10 total number of schools.
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Bat and Balt Performance

Conclusion
. The 10tal frequerncy of

ce 2 le inj
injufies irom batied Dalls have femained constant in collegiate baseball from 992 through 1996 (NCAA
18S. 1997). Similarly, injuries 1o the pitcher have also remained consiant, with the frequency of these
injunes for baseball and for softball being nearly identical.

Drawing conclusions from this daw regarding injuries from the baued ball is limited for two
reasons. First, because the majority of all bats used in this time period were alloy bats, a sutistical
comparison of injurics with wood bats is not possible. Second, the datz are based upon a sampling of
14% and 18% of the baseball and softball programs. respectively.

Consistently, baseball and softball have one of the lowest overall injury rates of all collegiate
spors since the NCAA ISS was developed in 1985.

bail.

Introduction
A review of the available research literature on reaction time and movement time limitations was
undenaken by Cassidy and Burnon (Cassidy and Burton, 1997). Details of their review are provided in

their manuscript in the Appendix.

Review and Conclusions -

Their review suggested that the average collage or professional bascball player may be able to
bepin an accurate response only 125 ms afier the ball is contacied and a player could complete a reasonable
25D movement in at least 200 ms. The total response time from the contact of the batted ball was thus
estimated to be 325 ms. This review was based upon Limiwed scientific stodies, and they stongly
recornmend that more ecologically valid bca]xfcﬁmems are need to %heir estimates, IR .

The relationship berween baned ball velocity and the ime available for a player 10 react when he is
located 55 ft from the batted ball is ploned below m Figure 3.

200 -
-
— 175 7 == Unsafs Batted Balls
<. A =--++-- Cafe Batted Balls
E 150 -
E o}
8 125 - .
E J _:.-.——-L-J-
g 100 -~
g 1 ‘.‘.‘.
§ 75 ...‘o..
N Min. AT Min. R‘|r+MT "--..____ ]
b ] »
50 B B e A A AR T W——

000 010 020 030 040 0S50 0.60
Ball Fiight Time (s)

Figure 3. As the time the battiad ball remains in flight decreases (i.e. the faster the baned ball velocity},
the likelihood of being struck by the ball increases. The minimum time required for a subject to accuraely
seact 1o a stiroulus (minimum reaction time (Min. RT)) is estimated 10 be 0.125 seconds. An additional
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Bat and Bal) Performmance

0.200 seconds is the esumated time requred to move &n armm (minimum movement gme Min. MT)).
Thus. it is estimated that 2 ball flight time of 0.325 seconds or more is required for a Elaycr to respond end
10 prevent injury from being struck by the ball. This flight time cotresponds to a bared ball velocity of
11S mph. Funher swdies are required 10 venfy these estimates. Adapred from Cassidy and Burton,

1997,

jury Severj requenc rease with Increases in Impact Velocity

Concems that injuries will become more severe and more frequent as batted ball velocity increases
are substantiated in part by numerous experiments on a broad range of impact injuries (e.g. Fung et al,
1988; Backaitias, 1993; Crisco etal., 1997). The findings of these experiments demonstrate that both the
severity and frequency of injury increases as impact velocities increases, Therefore, given that injuries
have occurred in baseball using wood bats, {urther increases in batied ball velocities would increase the
probability of injury. . .

The research supporting the above staiements is expansive, published in peer-reviewed journals,
and will not be further discussed here. The interested reader is directed to the references cited above.
Using thess references an extensive literature search can also be readily mounted.

Standards for Injury Frevention

Ttis important to nots that all standards related to the prevendon of injury in sponts are necessasily
arbitrary. This does not imply that the standard was not based upon sciendfic information. Rather, a
standard consists of an arbitrary level of accepubility for two reasons: the tolerance of a sampled
population is at best normally distributed (i.e. the sevetity of an injury can differ from person to person)
and second!ly what risk of injury is acceptable also varies (i.e. a free (untathered) rock climber is accepting
2 risk of injury that would be not be acceptable for youth football, for exarnple). - v

Football helmets are required 0 meet 2 standard that minimizes (you can never climinate all
injuries) the risk of severs brain injury (referred to as brain injury herein). Deceleration of the head is the
injury criterion and is roeasured as the Gadd Severity Index. Impacts to the head that result in 2 Jow GSI
(low head deceleration) have less of a nisk of injury than do impacts with a high GSI. A mathemarical
formulaton has been developed that relates the value of the GS] with the nisk of injury (Figure 4).
Existing standards require that football helmets reduce the impact to the head w a level of 1200 GSL.  Note
that this corresponds to a value of 16.22% of the population at risk of severe brain injury. Simplisticty,
helmets that test above this fevel are considered “unsafe”, while those that test below this level are
considered “safe” and pass the standard. According to the relationship presented in Figure 4, even if all
helmes meé: the 1200 GSI standard, thees are 3ti'] 16.22% of the population at risk of severe brain injury!
What must be appreciaied is that the specific choice of the value of 1200 was arbitrary, there is nothing
magically scientfic nor magically legal about the value of 16.22%. However, itis & realistic value that is
practical, and most importandy, the injucy data since the standard has been put into place have indicated
that the standard has eliminated all but 1 or 2 injuries per year. Changing the standard 1 a level of, say
300 GSI, :r:f:e we would expect 2 0% risk of brain is not practical us¢ no helmet could pass this
standard le il

e
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Figure 4. The standard requirement for all football helmets is the reduction of a defined impg}c io 4 level
of 1200 GSI. The GSI is 2 measure of the deceleration of the skull for a given impact Based upon
exiensive scientific data, the above relanonship between the GSI and the percentage of the population &t
risk of severe brain injury was formulated. it is important 1o note that at a2 GSI levei of 1200, below which
helmets pass the standard and are considered safe, there is sill a risk of severe injury 10 16.22 % of the
population. This is an arbitrary value, there is pothing magical about the value of 16.22%. _ Déspite the
arbitranness of this value it is practical (helmets can be manufactured cost-effectively 10 meet it) and
preventve based upon the available injury data (few savere injuries still do occur). Therefore, the standard
1s beneficial and the nsk of injury, although it exists, is considered acceptable in the game of fooq'.zal].

Itis possible to draw an analogy from the football heimet standard to baseball (softball) ball and bat
Eﬂomancc. First, it can be postulated that Figure 4 also applies to the risk of injuries from the barted
One can assume that the bat-ball performance is measured by batted ball velocity and is anslogous o
the Gadd Severity Index 1n Figure 4. It can also be assumed that the risk of injury to the pitcher being
contacted with the batted ball is analogous to the risk of severe brain injury in Figure 4. If the x-axis of
Fipure 4 is batied ball velocity and the y-axis is the risk of injury from the batted ball, then we see a
contnoum of risk. Further, it would impossible to set a risk of zero because injuries with woodén bats
and traditonal balls have been documented. ey
To emphasize the point again, science may be able 1o describe the relationship of the risk of injury
from the baued ball, but since it is a continuym and injuries have already been documented with traditional
equipment, science can not define the risk of injury. Only the people of baseball and softball can
determine what risk is acesptable,

11
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Bat and Ball Performance

BALL-BAT PERFORMANCE

‘!

Introduction ¢

The existing specificauon for ball performance (listed below) require that a ball’s coefficient of
restintion (COR) fall within a cenain range when the ball is fired at 60 mph into a flat, rigid wall. COR is
defined simply as the ratio of rebound velocity to inbound velocity.

The NCAA rule on baseballs is Rule 1-10. The baseball is a sphere weighing not less than 5 nor
more than 5 1/4 ounces avoirdupois and measuring not less than 9 inches nor more than 9 1/2 inches in
circumfersnce. It shall be formed by yam wound around a small core of rubber, cork or combination of
both and covered by two pieces of white horsehide or cowhide tightly stitched together.

In addition to the above, the Official NCAA Championship baseball must have a coefficient of
restitution (COR) with 2 minimum value of 0.525 and & maximum value of 0.555 at an initial velocity of
85 fze1 per second (26 m/s, 58 mph).

1

The NCAA rule on softballs is Rule 3-1. The softball shall be an optic yellow sphere with raised

red thread seams, It shall have a center core of polyurethans mixture, No.1 quality long fiber kapok, or a

mixture of cork and rubber. The cover shall be smooth and made of chrome tanned, top grain horsehide

orcowhide. It shall be affixed 1o the core by cement and sewn with waxed cotton or linen thread by the

two-needle method with not fewer than 88 stiiches per cover. The ball shall meet the following

ifications: a diameter of at least 11 7/8 inches but not more than 12 1/8 inches; a minimum weight of

{ 1/4 oun%cigm not roore than 7 ounces; and a maximurn COR (coefficient of restitution) of 0.50, but not
ess than 0.48.

i ball)
Two proposed methods for estimating dball COR and ball stffoess are: -
1. Test Method for Measuring the Coefficient of Restiution (COR) of Baseball and Softballs. Proposed,
Subcommitiee FOB.26, ASTM , Revised March 25, 1996.
2. Test Method for Compression-displacement of Baseball and Sofiballs. Proposed, Subcommirtee
F08.26, ASTM, Revised March 25, 1996, .

Review

While much of the game of basaball has been well studied sciemifically (e.g. Adair, 1954; Waus
and Bahill, 1990), measuring bat performance has been 8 much debared topic (e.g. Collier, 1992;
Kirkpatick, 1963; Bahill and i(unaus. 1989, Noble and Walker, 1993; Calder end Sandmeyer, 1997),
and no report to date has rigorously sdied the complexities of the ball-bas impact and bat performance,
Bali performance has been studied somewhat more (Heald and Pass, 1994; Hendee etal, 1997).

While the advantage of the proposed (but widely adopted) standard test methodology is its cost
effectiveness and practicality, it is most likely insufficient 1o esumate bali performance in the ficld. Albeit,
the actual performance of a ball in field conditions has not yet been determined.

The major limmittion of the existing methodology is the specification of & singie unrealistic inbound
velocity of 60 mph. This limitation is due to the fact that COR is dependant on inbound velocity. This face
was suggested by Adair (1994) and documented by Heald and Pass (1994). More mcemhy Hendee et al.,
(1997) have documented with a wide range of baseball models an approximately linear decrease in COR
with increase inbound velocity up to 90 mph (Figure 5). This work clearly demonstrates that several
baseball models pass the existing standard at 60 mph but have significanty different COR values at 90
mph. it should be appreciated that while the work of Hendee et al. is the most extensive study that is
pablicly available to date, there remain numerous limitations to the methodology when extrapolating the
results to actual field performance.

12
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Bal and Ball Performance

The limitatons of measuring dall COR off a swnonary wall with the proposed methodology
include:
1) Inbound Velocity. Assuming a bat swing velocity of 70 mph and a piwch velocity of 80 mph. the
relative approach velocity is then the sum, or 150 mph. The specified 60 mph measurement and the range
of 60 to 90 mph employed by Hendee et al. (1997) are sighificandy less than actual field velocities.
2) Target Shape. The present target used 1n all of the available studies was flat in shaps. What effect the
cylindrical shape of the bat would have on COR is not known, .
3) Ball Mass. In the field, the exit velocity of a lighter ball will be faster than a heavier ball, assuming all
else is the same. This will be perceived as (and is) an increase in performance on the field. The increase
in performance is duc simply to the conservation of momentum. The influsnce of ball mass on
performance cannot be addressed with any of the studies 1o date since the target is stationary.,
4) Bal) Stiffness. Stiffness as 2 measure of the ball’s ability to deform is not directly related to ball COR.
However, stiffness may play an indirect role by minimizing ball deformation which is presently not well
undersiood. More imporantly, stiffness should be monitored and controlled by specifications because it
may directlly correlate with the likelihood of injury. This may have a much more notable role in softball
where tradition has not Itmited ball design.

@ Ball A Lab1 :
0.70 4+ BallB,lab1 —
§ O BallA Lab2
i —O—Ball A, Lab 3
0.65 - O Bal-Bat, Lab4
1 + B Briggs, 1538
§ . X Heller Labs, 1987
0.60 — +8 . 4 ,
e XTI L o-+-. *::‘:---- q_occo. -------- JesPsPeTTIABE RN RES o--c-MLEmm
I -l-.---.I-.... .--.-..----.--.--..-.--A-A-g :.-.s‘-
Q 0.55 - o
o -
j.tt... ------------ acsesasSssssssssPLigysacsasas Phabshphborerbrebosanses dowmavew v poa vy
0.50 =
N E
0.45 ~
. O
0.40 111!]—|ﬁﬁi—'11rl||uﬁﬁ]l|lli—iIIt'l“lll—llI—I—.—.
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Ball Inbound Velocity (mph)

Figure 5. Baseball ball COR measurements agrinst a {lat, stationary target at various inbound velocities
using ASTM methodology, but with multiple velogities, were performed at several labs (Lab 1, Lab 2, and
1sb3). Lab4 emﬁloyed the Baum Hining Machine, which measures ball COR using e swinging bat and
ball. In this graph bat velocity and ball velocity were equal and summed to give the inbound velocity,
except at 140 mph (Fallon eral, 1997). The three stacked values at an inbound velocity of 140 mph are

13

EAS 000416

R
;



Bat and Bal! Performance

measurements at 60-80 mph. 70-70 mph, and 80-60 mph (bat-ball). respectively, wath the COR increasing
with bat velocity. For comparison, the data poini reporied by Briggs in 1938 and by Haller Labs in 1987
are also piotted {note the data from Haller Labs is at approx. 60 mph and just above the NCAA spees.). I
the data from Lab 4 can be compared with the other labs, one may speculate that the COR of a flat,
suationary wrget under estimates the COR of a cylindncal, moving target

Conclusions .

Existing standard methodology is likely insufficient to predict the field performance of baued balls.
The most likely test methodology able to predict filed performance is an apparatus that is capable of
generating realistic bat and ball velocities. Prior 1o the development and adoption of such a device, several
improvements in the existing siandard, such as multiple inbound velocities could and should be readily
adopted. (Note: Although the language translations are not completely clear, it appears that this is similar
to what the Japanese goveming bodies have sdopted in therr performance requirements). Stiffness
measurement should be incorporated into the specifications.

performance,

Introduction

In this Program, bat performance 1s defined as a measure of the maximurn batted ball velocity. The
purpose of this Aim was to evaluate existing laboratory test rnethodologes for Eredicting bat perfocmmance
in the field. The existing standards that relate o bat performance are also listed below. - —

The NCAA rule on baschall bats is Rule 1-11. Tbe components of that mle refative to this
Research Program are: 1) The bat may not weigh, numerically, rore than five units less than the iength of
the bat (e.g., a 35-inch-long bat cannot weigh less than 30 ounces). 2) Also required, but not in the
NCAA rule book for 1997, is that a bat must not exceed a Bat Performance Factor (BPF) of 1.14 (plus or
minus .01 for margin of error). The BPF is assumed to be determined using ASTM Standard Test Method
For Measuring Bat Performance Factor (Revision 5.3).

e r

The NCAA rule on softball bats is Rule 3-2, The baseball bat shali be made of wood, metal,
plastic, graphite, carbon, magnesium, fiberglass, ceramic or any other composite material approved by the
American Softhal]l Associanon (ASA). Any new composite construction bat must be reviewed and
approved by the ASA. Nore: baws made of or conwaining TIMETAL 15-3 or TELEDYNE 15-333
s:tanium alloy shall not be used unal fu~ther testing is completed. The bat shall be round or three-
sided and shall be smooth, If the barrel end has a knurled finish the maximum surface roughness is not
more than 250 if rocasured by a profilometer or 4/1000 if measured by 8 specuograph. The bat shall not
be more than 34 inches long, nor exceed 38 ocunces in weight. If round, the bat shall not be more than 2
1/4 inches in diameter at its larpest par; and if three-sided, shall not exceed 2 1/4 inches on the hining
surface. A tolerance of 1/32 inch is permitted 10 allow for expansion on the round bat. Note: If the bas
ring goes over the ba, it should be considered g legal bat. The bat shall have 2 safery grip of cork, upe
(no smooth, plastic tape) or composition roaterial. The safety grip shall not be less than 10 inches long
and shall not excecd more than 15 inches from the small end of the bat. The bat shall be marked
OFFICIAL SOFTBALL by the manufacmrer. )

Review

There exists much controversy over the factors influencing bat parformance and the methods for
measuring baseball bat performance. While the®root of this controversy is undoubtedly sseded in the
complexity of the swung bat-ball impact, the lack of published rigorous scientific studies is the major
rezson for this controvme:sdi. While the bat-ball interaction is defined by the laws of ‘Rhysics. the
assumptions generally are a necessary simplification and there exist few laws with which the
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biomechanical factors can be predicied. Thus scienufic studies measunng bat performance are crucal to «

the development and validation of the various hypothesis about bat performance.

Although numerous individuals have developed a variety of methodologies for evaluating bat
performance, there are no published documents describing a methodology for testing bat performance.

Another major limitation that mus: continually be cmphasized is that at present there are no rigorous
published studies measuring the actual field bat-ball impact with which to validate any of the laboratory
tests, .

Hence the following review, which is based upon data that was provided by various individuals
and laboratories. can not and was not intended to review the validity of the results in predicting field
performance. Rather, the data are reviewed based upon repeatability, multiple lab variability, and the
likelihood of predicting acmal bat performance in the field.

Two tzst methodologies for estimating bat performance were gvailable for review. Each is
described below.

Brandt/ASTM Method .

The most generally accepted method for predicting bat perforrnance was developed by R.A.
Brandt, Ph.D. of New York University and subse#uenﬂy adopted as & proposed standard test moethod for
ASTM. This t=st methodology nprcdicls bat periormance by measuring bat-ball COR, defined as the
product of ball COR and Bat Periormance Factor (BPF), then uses this factor 10 calculate the batted ball
velocty given a specified swing and pitch velocity. ‘-

The test procedures are well described in the document entitled “Standard Test Method for
Measuring Bat Performance Factor, Proposed ASTM Siandard (Revision 5.3, 9/1298)." Two more
recent modifications of this docurnent include an increased ball inbound velocity (see References).

Unfortunately, despite the well described methodology, there appears to be no documentation of
the test variability nor any docurpenation on gny goal driven study, The only relevant data that is publicly
available appears 1o be an unpublished preliminary repont by Brandt (1995). The repornt describes a field
test of several bats in which batted ball velocities were correlated with the iaboratory measurements of the
each bai's BPF. Unformnately, the details of the methodology are not clear from this preliminary report
and the data collection appears random. A statistical analysis was not presented. -

There were three principal conclusions to this preliminary report, the last is agreement with the
suggestions of this Research Prograrn end stated “3) Performance standards which preclude the use of
such lively bats and balls should be invaked and strictly enforced.” While the invoking of & standard 10
preclude centain products is, in the opinion of this report, the responsibility of the people of baseball and
softball, enforcing whatever is invoked is crucial. The second conclusion is a mystic explanation of the
events that occurred during the College World Series (CWS) and does not warrant further discussion,

The primary conclusion was two fold: “1) The lab measurements have an excellent comrelaton
with the field tests. The BPF, 1ogether with the veight, COM [center of mass], and MOI [moment of
inerta] provides a complete performance cheracicrization of the bat” The first part of this conclusion is
only pardally supported by the datw, as the number of samples in this study was low and no statistical
snalysis was performed. The second Em of this conclusion is in direct contrast © eardier findings in the
report. The report states that ball COR, when increased from 0.54 to 0.58, has a much greater effect than
increasing BPF factor from 1.13 10 1.15. Despite this acknowledgroent of the imponance of the COR the
author states that the “BPE, ., provides 2 complete performance characterization of the bat™* Yer it is
well appreciated that ball COR is stronply influenced by the velocity, bat this fact is not accounted for in
this “complete perforrance characterization”. This limitation is described in more detail below.,

Since there were no baseball bar data available on the Brand/ASTM, method this Program sought
10 collect data. In addition, since the major limitation of the existing method was an inbound velocity of 60
mph, data was also collected at elevaied velocities in an antempt to eliminate this limiation.

One wood bat model and two C405 aluminum bat modes were rando:d; chosen., Both aluminum
bat models had been previously tested by the Lab at NYU (Brandt) and certified as having a BPF of 1.14.
Bats of the same bat model {not the identical bats} were tests using the BrandVASTM method at two
facilides (Fluid Technologies Inc. and Hillerich & Bradsby, Inc.). results were difficult to in
(Table 1). Lab 1 reported results that were not consistent with the expected values of wood being slightly
Jess than 1 BPF and the aluminum bats being greater with a value of 1.14 BPF. Lab 2 reported results
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1hat had a sumalar trend 1o those cxpecied but required acaling to obtain the absolute BPF value previously
measured at NYU.

Table 1. Average (n =6 ball impacts) Bat Performarnce Factors (BPF) of wood and C405 alloy bats at
60 mph. Labs tested bats of same model. but not the identical bats. The reason for the range and variance
in the BPF values is unknown. At Lab 1. two bats of each model were tesied At Lab 2, one bat of each
model was tested. The actual measured BPF values at Lab 2 are given in parentheses and then these
values were scaled to agree with prior measurcment at the NYU laboratory.

Bat Model Lab 1 Lab 2 Lab NYU
Wood 0.33, 0.36 1.07 (0.647) :
Alloy B 0.67, 0.86 1.14
Alioy C 0.33, -0.37 1.14 (0.688) 1.14

A further effort was mpade to evaluate the Brand/ASTM method by requesting additional testing at
elevated ball inbound velocities, Three bat models had been previously tesied et 60 mph a1 the NYU lab
and each was found to have BPF value of 1.14. Bats of the same models were tested at Lab I, While the
absolute values were again not in aga:ment with the NYU measurements the results appeared more
consistent. For each bat model, the BPF varied with inbound ball velocity, and each had & maximom BPF
2190 mph. These results were notably more consistent then previous results, but again the absolute values
differed from those obtained at the NYU lab (Table 2).

‘Table 2. BPF (average, n = 6) of three non-wood bat models tested at elevaied inbound"ball ;éiociﬁes.
Bats of the same model were tested at the NYU lab and were found to have a BPF of 1.14 at 60 mph.

R S
Ball Inbound Velocity (mph) .-
Bat Mode! 60 90 120 140
Allov D 0.85 1.13 0.76 0.91
Aloy E 0.83 1.2 1.09 0.86
—_An"\oyLF_——W. 1.22 1.07 0:89

ST

Possible reasons for the discrepancy in the BPF values in Table 2 a1 60 mph and those from the
NYU lab include 1) Different bats of the same modsa] were used and 2) slightly different procedures were
employed. Assuming that manofacturing quality conuols are high, it is unlikely that these different results
can be awributed o differences in bat construction in the same model bats. It is more likely that slighty
different procedures were used. However, if we assume that a simple linear scaling is possible between
the res: s of Lab 1 and the NYU Lab, we are s 1] presented with a BPF that is velocity dependent and
appears 10 have a maximum at 0 mph. < e

An imporant procedure in dewermining the BPF factor is the value used for the ball COR. In all of
the above data, the ball COR value used was obtained with the proposed ASTM methodology that employs
an inbound velocity of 60 mph. It should be well apprecisied that ball COR is velocity dependent, as
ustrated in Aim 3, therefore in our continued efforts 1o evaluate the BrandVASTM method Lab 2 repeated
the test at elevatad ball velocites and determined the BPF using the ball COR measured separately at each
of the inbound velocities (Table 3). . .-

When the decrease in ball COR is taken into account, the results presented in Table 3 demonstrate
that BPF remains dependent on ball inbound. The maximum BPF in these tests was at a ball inbound
velacity of 90 or 120 mph.
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Table 3. BPF (average, n = 6) of 2 wood and two non-wood bat models tested by Lab 2 at elevatad
inbound ball velocties. The ball COR used in the calculations of the BPF was determined separaely at
each inbound velocity (0.569, 0.511, 0.452. and 0 405). The values listed are the values scaled 1o the
BPF value measured at 60 mph at the NYU Lab.

Ball Inbound Velocity (mph)

Bat Model 60 90 120 150
~Wood 1.07 1.14 .38 1.20
Aoy C 1.14 1.42 1.86 0.86

Composiic A 1.00 T.11 038 )

Upon review of the above data, there are scveral important factors to keep in mind:
- 1) In my opinion, the data collected at Lab ] and Lab 2 was done with the utmost diligence and honesty,
and therefore poor lab technique is unlikely to be & source of the discrepancies.
2) Other than the values of 1.14 measured at 60 mph in the NYU Lab, there are no other data with which
to compare the above results.
_a3) This Rescarch Program has made an unprecedented aitempt to evaluate all aspects of the Brand/ASTM
method. Further anempts to study and justify this approach should be carried out by those who support
this test methodology.

Although BPF has been the mos: generally accepted value for quaniifying bat performance. it is a
factor that is somewhat non-inmuitive. Baned ball velocity is more easily understood value. The
Brand/ASTM method does provide an approach for determining the bated ball velocity. At

Estimating batted ball velocity by the BrandVASTM method requires values for: bat swing velocity,
pich velocity, bat weight, ball weight, bat moment of inertia about the pivol point, ¢ = BPF fimes ball
COR, distance from pivot point to center of mass, and center of percussion. The details of the definitions
of thess variables and the equations for calculating batted ball speed are provided in the document
describing the proposed test methodology (ASTM, 1995).

There is an imponant incorrect staternent in the standard test methodologies (ASTM, 1995).
Section 8.3.6 states that “One must choose a ball COR 1o determine the batted ball speed™.” This is

. incorrect.

g While ball COR is crucial 1o determining the BPF, it is mathematically canceled out when one
__ calculates e as BPF times ball COR. In other words, the predicted bated ball speed using the
— BrandvASTM is completely independent of the balt COR. While this greatly simplifies the approach, it
emphasizes the limitation of testing bat performance using an unrealistic relative velocity. It remains 10 be
determined if this limitation can be addressed, but the data reported above suﬁfcsm that this is unlikely.
To this nd, it should be noted that the Brandt me.rodology was developed for sluw pitch softbal! and may

not (and was not intended to) be applicable to baseball or w fast-pitch softball (Brands, 1997). «

The Baum Hitting Machine (BHM) .

The Baum Hiting Machine (BHM) is 2 unique device capable of measuring bazed ball velocity for
any specified swing and pitch velocities. This is accomplished using two servomnotors rotating in opposite
direcuons. Presently, BHM is & working prototype with patents pending, limiting mg?hty
Similar to the Brand/ASTM,. there are no published documents presenting comparative data. The review
of the BHM was further limited because unlike the Brandv/ apparatus there is no document detailing
methodology and only one ap‘params presently exists, -

With the assistance of Major League Baseball (MLB) a group of independent ressarchers were
permited to evaluate and document the BHM apparacus in detail. The evaluation included both component
and system level analyses of the BFDVM hardware and test procedures. Their findings were recently
%’n:d in a final summary staement from which e following summary was extracted (Fallon et al.,

)
Fallon et a] (1997) concluded that the BHM is a state-of-the-art machine capable of accurately
measuring ball exit velocity. The machine can simulate impacts at any specified combination of bat swing
and pitch velocities up to 200 mph. Verificaton of the BHM test results was accomplished through their
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Bat and Ball Performancs

independent laboralory property measurements and ¢computational impact modeling efforts ar I'MASS-
Lowell. They concluded the accuracy of the BHM performance measurements was £ 1 mph using the
calibrated results from S valid tests. The accuracy here was deiermined by evaluaing the equipment
specifications as well as analyzing the data with 8 95% swistical confidence. Planned modificauons to the
equipment and process should improve the test accuracy by a factor of 3. The definition of accuracy refers
tothere ar.abiﬁty of the measurements on the singie amems. )

comparing wood bats to aluminum bats, they found an approximately 3 to 4 mph increase in the
raw bated velocities with the aluminum bats, where raw refers to the actual batied ball velocity, Because
the servos are velocity controlled, they developed a formula called the RBP (Relative Bat Performance) to
tompare differences in exit speeds based on vanations of bat welﬁht. weight distribution, and length,
When applied, the RBP predicts the difference in aluminum to wood bats increases to 8 mph off of similar
wood bats.

An additional capability of the BHM is the ability to profile the bat. Profiling refers to examining
the variations in exit ball velocity as a function of the location of the impact along the Eat barrel. While the
performance of all bats decrease as the impact moves away from the “sweet spot™ toward the handle or
towards the tip of the bat. alurninum bats were found 1o have a flatter profile as exit ball valocity decreassd
less than wood for the same change in locaton. In other words. the aluminurn bats were found to possess
an expanded “sweet spot™. .

The BHM can also be employed as the state-of-of-the-art machine for measuring ball perfortance.
Tt eliminates the limitations of existing methodologies for measuring ball performance: realistic velocities
are artasnable and the target is a moving cylinder. Results detailing the use of the BHM in measuring ball
perforrance were not reponied bat Falion et al, (1997).

Variability from facility to faciliry could not be evaluated because at present only one apparatus
exists.

While the BHM is the most sophistcated apparatus for studying bat-ball impacts, its practicality as
a standard test methodology remains to be demonstrated.
Comparison of ASTM/Brandt Method to the BEM Method 7

The lack of published data (in any format) makes comparison of these two methodologies difficult,
However, a limited comparison is possible. The performance of two bats were considered: one wood and
one C405 alumminum. Theur physical properties are listed in Table 4,

Baum Hining Machine (BHM). The two bats were t2sted using the BHM methods and the data
were collected by Fallon et al. (1997). Each bat was tasted with three protocols of bat and ball velocity:
60-+80 roph, 70+70 mph, end 80+60 mph. The actual bated ball velocites for each of these protocols
were measured. s mmetema o—

ASTM/Brandt (NYU). There were no actual data available to this program. However, based
upon previous presentations of data by Brandt and others, it was assumed that the BPF values for wood
and €405 aluminum were 0.9 and 1.14, respectively. Note that the 1.14 should be a valid assumption
since all NCAA bascball bats can not excced this value, Given these BPF values, the physical propernies
of the vat, and the bat swinmnd ball pitch velcuities, the bausd ball velocities were calulated using the
equations provide in the ASTM (1995) document.

Table 4. Physical properties of one wood bat and one aluminum C405 bat.

Weight Length CG I sbout
(oz.) (in.) (in.) CG
(oz-in’)
Wood 33.2 329 11.85 3325 )
C405 'J 29 34 12.95 3534
Note: 1 Ibfft-s? = 1.356 kg-m® = 74130 oz-in’
-a
Results
The baned ball velocities measured using the BHM increased almost linearly with incressing bat
velocity, while ball velocity decreased similarly so that the total relative velocity was constant for the three
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1est protocols (Figuse 6). The BHM documented a greater performance for the aluminum bat with baued -
ball velocities being 2.3%. 2 0%. and 1% greaier than those measured by wood. Using the proposed
RBP (Relative Bat Performance) described above by Fallon et al. (1997) the difference a1t 70+70 mph
between wood and C405 was 7.3%. Notz the standard devitions are not graphed, they are reported to be
Jess than 1 mph (Fallon et al., 1997). ) . _

The predictions of the NYU 1ab were ideally linsar, based upon the equations. A 10 mph increase
in bat velocity generated & 10 mph increase in baned ball velocity, when the total velocity was constant at

140 mph.
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Figure 6. RawData from the BHM compared to theoretical predictions from the NYU Lb assuming
BFF of 0.9 and 1.1.4 for 8 wood and C405 aluminum bat The approximate linear increase in baned ball
speed measured with the BHM is in agreement with the theoretical predictions. The NYU predictions are
Kirnited mainly because the ball-bat COR is measured a1 60 ruph and thea this same value is used to predict
baned ball itiss a1 the higher, more realistic batand pitch velocities.

—— Wees e —— - - S—

Discussion ; ' -
Predicting bat performance is complicated by the numerous factors that influence the batted ball

velocity, Some of factors that are not sim in any of the existing methodologies are the
biomechanical factors, of which two are probably the most significant. The effect of bat weight and inertia
(weight distribution) on 2 players swing velocity and swing mechanics are not simulated in any of the test
methods for bat performance (See Aim 5). The second limitation of existing methodologies is that the bats
are rotated about a fixed point located at the handle grip, where as the motion of the bat in an sctal swing
is quite complex. We have illusuraied the difference of the bat motion in the two precision reridecings on
the cover of this report. Oneﬁgumisamndcnngofmebuasitmms about a fixed axis, as in te
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existing test methodologies. The other figure is 2 rendering oF the bat during & players acal swing
(Fleisig et al.. 1997). Clearly these different motions have 2 different effect on the bendilig of the bat prior
10 and at tmpact.  Although these hmitations have been recognized il remains 10 be determined if they
would significandy affect the predicied bat performance.

To address this, it is clear that 2 rigorous scientific study to measure bat performance in the field is
needed. Such data would sarve as the “gold sndard” for which test methodologies could be compared.
(We note that no cost effective, pracucal standard 1est methodology is likely 0 be a trué simulauon of the
acmal field event. But. it is crucial to understand how the test methodologies differ from the actual event)

Conclusions v .

Methods for predicting bat performance are limited and remain to be thoroughly validated.

While the Brand/ASTM has gained wide acceptance, there is limited documentation and its ability
w0 simulate impact at the higher velocities of baseball and fast-pitch softball remain questionable. The most
severe limjtation of this method is that ball-bat COR is measured at 60 mph. Batied ball velocities at
higher realistic velocities (e.g. 150 mph) are predicied vsing the ball-bat COR measurement at 60 mph. I
should be noted that the Brandt methodology was developed for slow pitch sofiball and may not (and was
oo intended to) be applicable to baseball or to fasi-pitch sofiball (Brandt, 1997). .

The warking prototype of the BHM is well suited for evaluating both bat and ball performance at
the elevaied impact velocides of interest here. Tbe clear advantage of the BHM method is the. ghility 1o
measure ball-bat COR at specified combination of velocites.

yelocity,
Introduction
Increases in swing speed increase baed ball velocities. This observation is often considered the
motivation behind a strength training program for baners and the use of “lighter” bats, since it is gensrally
accepted that “lightar’” bats can be swung faster than *heavier”” bats. Simple exzrapolation suggests that a
feather-light bat can be swung the fastest, however, a feather-light bat swung at high velocities may not
result in the highest batted ball velocities (Here we are neglecting the practicality of manufacturing and the
durability of a featherlight bat). Bahill and Karnavas (1989) have suggestzd thar there is an ideal bat
weight which maximizes the bated ball velocity. This suggestion is b ufon the incorporation of both
the physics of bat-collision and physiology of the muscle force-velocity relationship. The effect of the
ideal bat weight on actual batied ball velocities remains 1o be roeasured. One limitation of this work is thar
the ball-bat collision analysis assumes the motion of the bat is pure manslational or lincar. Under the
assum>tion of Lnear motion only the weight or 11 ass of the bat is a factor. ..
Consider two bats of the same weipht (mass), One bat is handie-heavy, while the other bat is
barrel-heavy.  Under the assumption of linear motion there is no difference in the expected swing
velocitdes. However, the moton of the bat during an actual swing contains both translational and
rotational motion. Therefore, the handle heavy-heavy bat can be swung faster because more of the weight
is located closer 10 the body. Heaviness of a bat is specified by it mass, and the dismibution of the mass
along the length the bat is specified by the mass moment of inertia (inertia) of the bat. The inzria of the bat
describes its resistance to an applied torque. It is important to note the inerta is a minimum when the'bat is
rotating about the bats center of gravity and the inertia increases as the rotation axis moves further away
from the bats center of gravity. | . . . v
To further examine the relationships between swing velocity and bat mass and inertia, two studies
were undertaken.  Each study documented the effects of varying bat mass and inertia on swing velocigy in
ups of collegiate baseball players and softball players. One study was performed at Mississippi State
niversity (MSU) under the direction of Keith Koenig, Ph.D. and the other study was performed at the
American Sports Medicine Instime (ASMI) under the direction of Glenn Fleisig, PhD. final reports
of each study with baseball players are provided in the Appendix. The repons on the studies with softball
players are in preparation,

- -
Y L T e
- e

20

EAS 000422

.
£



-

()

-

-— whar

-~

Bat and Ball Performance
Review

al.. 1997; Koenig et al., 1997) and will not be descnibed here. )

In bnef {(extracted from the joint abstract by Fleisip and Koeing (1997) enutled Inenial Effects on
Baseball bat Swing Speed), the design of the experim_cnu was based upon the hypothesis that although
length-weight unit difference is the bal property which is presenily restneied by the NCCA Rules, it is the

- & bat moment of inentia which has the dominant effect on swing velocity. In these studies, the bat inenia

was determined ebout a representative peint in the batier's body and defined as being located 20 inches
inward from the handle. Baits used in a previous study at MSU (1989) (see Koeing et al, 1997 for full
reference) and in both present studies were compared by ploning their length-weight unit difference (ength
(in.) - weight (o)) versus their moment of inerna (Figure 7). While there was 2 general correlation
between unit difference and bat inenda, the relationship was not highly linear suggestng that umit
differential and inertia were onty roughly related. )
Since bat swing motion is both translational and rotational, the speed of the bat depends upon the
oint at which the bat speed measurement is taken. In the three studies (MSU, 1989; Koeing et al., 1997;
isig etal., 1997), bat swing speed (also refereed to as velocity) was measured at different locations on
the bat and at different locations of the plate. The two MSU defined the location relative to the plate. The
ASMI data defined the location relative to the contact point on the bat. Despite these differences the
general results agree relatively well (Figure 8). From Figure 8 it can be concluded that bat inertiz about a
body axis has a better correlation with bat speed than does bat length-weight umt difference. As expected,
all three studies showed that bat speed increased &s bat moment of inerta decreased. Within the range of
bats studied, the correlation between speed and inertia was assumed to be linear. Based upon this
assumption of linearity each study was able approximate a direct relaton between bat speed and bat
moment of inertia. Koenig et al (1997) predict that the difference in bat speed is approximated by

A3 ¢

B_1s v—ten

AV= uﬂﬂm—f’z. '—.'f':""
] wusnf

where AV is the change in bat speed (roph), and 1 and JJ are the moment of inenia for bats 1 and 2
about the body axis in units of Ibf-fi-s°. The axis was defined as being located 20 in. inward from the
handle. Fleisig et al. (1997) predict that the bat speed is given by - -ﬂbt-

. 1Y =1
v=69.6-48.7I". T A

i | -4
where V is the bat velocity (raph) and ¥ is the bat moment of inertia about the bat’s handls in units of
1bf-fi-s% - . .

In an arntempt 10 exarnine more fully the above predictions, we compared the calculated differences
between v 0 bats, one (heavy) wood and ones aluminum with the physical properties listed in Table 5.

The detauls of the methods used in each swdy are supplied 1n the respective final repons (Fleisig &t

Table 5. Physical properties of one wood bat (Bat 1) and one aluminum bat (Bat 2). -
Weight Length CG from 1 about Iabout |. I-sbout
(oz.) (in.) handle CG _ '} handle | . body axis
(in.) (ibf-ft-s%) | (Ibf-ft-s?) | (bf-ft.s?)
Batl 33.2 329 209 0.0410 0.2095 |- 0.6864
Bat2 28.6 34 22.2 0.0449 0.2646 0.8406
Note: 1 1bf-ft-s? = 1.356 kg-m’® = 74130 oz-in®

Given the sbove, the difference in swing speeds between the wood and aluminum bat is predicted o be
2.7 mph by the Fleisig method and 6.2 mph by the Koenig method .

The limitations of these studies include the following. Only bat swing velocities were measured.
‘The actual effects on batted ball velocity were not determi
a single session so the effects of leaming and compensating for the differences in bats could not be
studied. The effects on swing mechanics and motion patterns were also not studied.

21

EAS 000423

;ra‘;f; &g
et
o

. The players participated in this study during



ha - -

Batand Ball Performance

0

o 2

-]

2

8 4l

5

S d

= i -~ 1997

5 L)% —c~ 1989

_= L]

= dotted lines are linear fits
g - g t S
0.6 0.65 0.7 0.75 0.8 0.85 0.9

bat moment of inertia about body (English units)

Figore 7. The length-weight unit difference (ength (in.) minus we:ght (oz.)) of various baseball bats
did not correlate well with the mass morpent of inertia (Ibf-fi-5*), Koeing es ol,, 1997 and Fleisig et al,
1997,

{

)

b TINNR SV NT I

EAS 000424



-t

Bat and Ball Performance
70
65
% 60 F—“..- H
E i
E ss i
S b g
. . 50 -+ MSU 39
- ¢ -Q- MSU 97
- ASMI 97
45 . .
6 5 ) 3 2 1 0
) bat unit difference
70
= -9 MSU 89
B3 65 Q- MSU 97
- - W -3 ASMIS7
i0F oL g2 el
= & W gy T
& O e ot T L
- g_ ss P
) B
: 50 L -“.
45 :
0.6 0.65 0.7 0.75 O.R 0.85 0.9

bat rnoment of inertia about body axis

Figure 8. Bat speed had a songer correlation with bat moment of inertia about the body axis (1bf-fi-s*)
than with length-weight unit difference (length (in.) minus weight (0z.)) for all three studies. Koeing et

al,1989.,1997 and Fleisig et al., 1997.

Conclusions

Bat swing velocity decreases in 2 manner more ciosely related to the mass moment of inertia of the
bat than to the weight of the bat  The bat swing is a complex motion containg both transiation and rotadon
in three-dimensional space (see cover figure). Therefofe, comparison of swing velocity measurements is
aot trivial. The esumated difference in swing velocity between a heavy wood bai and an aluminum bat
ranged from 2.7 mph to 6.2 mph in the studies reporied here.
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_ 1. INTRODUCTION

This paper reports the results of a preliminary determination of safe response times and hit
ball speeds for a number of baseball and softbal! venues. This determination was based on tests in
which balls were randomly shot with measured speeds towards subjects standing a measured
distance away behind a protective net. The subjects were instructed to attempt to deflect the
incident ball with a glove before being hit. The result of each attempted deflection (success or
failure) was recorded for each shot. (Attempted deflections from pitching positions or by dodging
motions were also recorded.) A total of 31 male and female subjects from various categories
(college, high school, recreational, senior, and youth baseball and softball) were tested, and the
results of over 2000 shots were recorded.

The tests were run during the course of a four days at the H&B indoor testing facility in
Texas in August 1995, but, because the necessary funding was unavailable, the data were not
tabulated or analyzed until August 1998. During the three years between the tests and the analysis
reported here, player safety has become of increasing concern because of the use of high-
performance balls and bats, in spite of the fact that baseball and softball remain among the safest of
sports and there has been no increase in injuries from hit balls during the past five years.

The resuits reported here are preliminary. They suggest reliable first estimates of safe

response times and hit ball speeds in the college baseball, senior softball, and women’s high school

' $0 veiiues, for whichi theére were sulfiCien 0 1nsure reasonable statistical significance, but
more data is needed in the youth, high-school, and recreational baseball venues, as well as in the
men'’s B-level and senior softball and women’s college venues,

For a given measured projected ball speed v and subject distance d, the time of flight
between the cannon and the subject is not simply the ratio d/v because of the presence of air
resistance. It is crucial to incorporate the effects of this air resistance because these effects are of
the same order of magnitude as the difference in flight times arising from hits off of high-
performance and low-performance bats. For exampie, for a baseball hit at v=100 mph = 147 fps,
the actual time taken to travel a distance d=55 ft is 0.396 sec, whereas the naive time d/v is only
0.374 sec, which is 6% less. The is the same percentage difference in the hit speeds off of a high-
performance (BPF=1.15) and a low-performance (BPF=1.05) bat. (For 70-mph pitch and bat speeds
and a ball COR of 0.54, the high-performance hit speed is 104.6 mph and the low-performance hit
speed is 98.8 mph. Sec Reference 1 for definitions of BPF and COR.) Air resistance has an even
greater effect in softball. It takes 0.404 sec for a typical softball hit at 100 mph to travel 55 ft.

The flight time for each shot was therefore evaluated from the measured ball speed and
flight distance using the well-known effect of air-drag. These evaluations are based on the
trajectory equations given in Appendix 1. As many shots as time and fatigue-avoidance permitted
were made for various distances and speeds, and the result (hit or miss) was recorded. These data

} were then used to determine which flight times are safe and which are unsafe for each category.
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' The goal is to determine from these results reliable estimates of the maximum safe flight
time in cach category. The maximum safe hit-ball speed can then be calculated, again taking air
sesistance into account. To proceed, it must be decided what is an acceptable level of injuries
arising from hit balls, For example, virtually no injuries will result from a flight time of 0.50 sec,
but a game with such a large travel time between a hitter and a pitcher would require such dead bats
that far too few hits would occur. On the other hand, a flight time of 0.23 sec would result in far too
many injuries. (Elite college baseball pitchers would be hit 50% of the times a ball was directed at
them in this case.) It is not the purpose of this report to reccommend an acceptable injury level and
so the question of what is a safe maximum flight time will not be fully answered here. More data in
the neighborhood of 0.4-sec flight times is necessary, as well as information on how often 2 hit ball
is actually directed towards a pitcher.

It is, however, possible to make reliable first estimates of safe maximum times and speeds
based on the preseat data and reasonable extrapolations thereof. This will be done in Sec. 5. For
college baseball players, the maximum flight time for which a subject was hit was 0.368 sec, the
proposed maxirnum safe flight time is 0.38 sec, and the maximum safe hit~ball speed is 104 mph.

One interesting and unanticipated result of these tests should be mentioned here. For the
game venues for which sufficient data exists, the graphs of deflection failure percentage verses

flight time have been plotted and found to be very well fit by straight lines. This observed regularity
' . ful . lating o istine.d 1 its sienifi hould | lored. in the & _

In extrapolating the test results reported here to real game situations, important differences
should be kept in mind. The test subjects were always concentrating on the task, always alert, and
were required to perform a single anticipated response. These facts tend to lower response times
since ballgame players can loose concentration, become distracted, and have to worry about various
responses such as fielding. On the other hand, the test subjects did not have the opportunity to
observe a hitter swing a bat before a ball was projected towards them, and this obviously tends to
increase the response times observed in the tests, To the extent that these and other differences
cancel out or are unimportant, the test and game situations can be directly compared.

If, for a given shot, the subject’s response time is less than the ball’s flight time, the bali is
deflected and the response is a success, whereas if the response time is more than the flight time, the
subject is hit and the response is a failure. The response time here is actually the sum of three
separate times: viewing time, reaction time, and movement time. The viewing time is the time
during which the subject observes the approaching ball before he decides what to do. The reaction
time is the time between the subject’s decision to respond and the initiation of his responding
motion. The movement time is the time taken for the subject to move his glove to the position
where it can deflect the ball. As mentioned above, there is present in an actual game a fourth time
(anticipation time), during which the pitcher observes the motion of the hitter before the ball is hit.

The existence of this anticipation time reduces the pecessary viewing time. There is also evidence
I }
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that the reaction time tends to shorten as the hit-ball speed increases, but the movement time tends
to remain constant. See, for example, Reference 2.

Although the determunation of safe response times is of paramount importance in addressing
baseball and softball safety concerns, I am unaware of previous realistic attempts to accurately
measure this quantity.

The foliowing sections execute the program outlined above. The test protocol and subject
demographics are given in Section 2. The test results are summarized in Section 3, analyzed in
Section 4, and-expressed in terms of hit ball speeds in Section 5. The conclusions are discussed and
suggestions for further research are given in Section 6. The air drag equations are given in

Appendix 1, the bat performance equations are given in Appendix 2, and the complete test data are
given in Appendix 3.

2. PROCEEDURES

The tests were carried out at the H&B indoor test facility in Mt. Pleasant, Texas. A Jugs
pitching machine (cannon) was used to propel baseballs or softballs towards the subject. The
cannon was randomly re-aimed for cach shot. The exit ball speed was set on the cannon for each
data set, mainly between 90 and 100 mph, but the cannon itself provided random variations in this
speed of about + 5 mph. The precise value of the exit speed for each shot was measured and

fecorded using an Euler projectile speedometer. The cannon was shielded from the subjects so that
the precise aim or time of firing could not be observed. The subjects were placed behind a
protective net, which allowed them to freely attempt to deflect the incident balls, but which
prevented these balls from hitting them. The subjects were given between five and ten practice
shots before data were taken. The distances between the cannon and the subject were fixed at 15,
20, 30, 40,0r 50 ft. I, at least one college baseball player, and usually other personnel observed each
shot. If these observers agreed on whether or not the subject was successful in deflecting the ball,
the result (hit or miss) was recorded, but if there was disagreement, the shot was repeated. In
addition, each shot was taped by a video camera situated behind the cannon and aimed directly
towards the subject. These tapes were all reviewed in slow motion to confirm the result of each
shot.

For each shot, the following information was thus recorded: subject name and venue, distance
from cannon, exit ball speed, and deflection success or failure. Over 2000 shots were recorded on
31 different subjects. The complete list of subjects and demographics (game category, sex, age,
height, weight, and years of experience) is given in Table 1.
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CATEGORY SEX

¢

SUBJECT |AGE
| College Basobat! M__Itm 22| s'o° 160 15
tc 180 61" 180 10
|s 20| e6'0" 230 14
je 18] 61" 195 11
da 18] 5'10° 168 11
cz 2 21 50" 185 1
bt 20! 63 190 1 g
1{:] 19} §'10° 145 11
High Schoot Baseball |M WS 17] &'4" 180 10
bm 171 &58° 150 10
Recreational BaseballlM _[mr 20] s5* 128 8
te 30} 6'6" 225 20
n 33| 62" 235 10
jm 54] 5'8" 158 30
Dixie Youth Baseball |M cm 110 4'g" BO 6
B-Leve! Softball M Jed _24| 64" 230 19
In 19} 6'1" 196 15
Senior Softbali M rh 38| 6'5° 275 8|
da 4 21 6'3" 200
mc 441 5§'5° 175 16
jm 54 ﬂ
rn 33] 62" _235 10
mr 40 6
| Girls_(Dixle WS) §8 |F mp 14] S's* 1258 9
mh 13] 5&'s" 120 8
| High School Softball |F i9 16] 52* 130 10
nz 16 11
as 16 11
lc 16 11
tr 15 10
[College (NTCC) S8 __{F im 18 57 155 10

In addition to the above deflection tests from a standing position, a number of tests were run in
which the subject executed a pitching motion before the ball was shot. The subjects were instructed
to pitch an imaginary ball towards the cannon, and about 0.4 sec later (a typical fastball flight time
from pitcher to hitter) a ball was shot back at the subject. These tests were performed in order to
confirm that such pitching motions did not increase the response time necessary to avoid being hit
by the return ball. Tests were also run in which the subjects were instructed to avoid being hit by
attempting to dodge out of the ball’s way. Such motions were seen to require larger response times.

From the exit ball speed and flight distance recorded for each shot, the ball’s time of flight was
evaluated taking into account the effect of air resistance. The deflection success rate was thus
determined for a range of flight times from 0.10 sec to 0.45 sec. These data were then used to
estimate the response times and hit-ball speeds necessary for safe play in each of the game

categories.
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3. RESULTS

After the ball exit speeds and flight distances were converted to flight times, a table of times and
outcomes (success or failure) was obtained for each subject in each category. The data for all the
subjects in each category were then combined and sorted according to increasing times. The
results are given in Appendix 3, where all the calculated times are listed in columns and the
corresponding outcomes (1 for failure or 0 for success) are given in the same row in the next
column to the right. In order to interpret this data, the outcomes must be combined for specified,
relatively small, time ranges. The data, in fact, fall naturally into four separate time ranges
corresponding to the four main chosen distances of 20, 30, 40, and 50 ft. For those categories in
which sufficient data existed, each of these time ranges was further divided into two separate
ranges, giving a total of eight ranges.

Consider first the data for men's college baseball. The subjects were eight excellent players
from various colleges. Their demographics are given in Table 1. The initial round of tests
consisted of ten shots at each of the four distances for each subject, for a total of 320 shots. The
combined data were divided into eight time ranges, two for each distance, and the results are given
in Table 2. Each row in the table corresponds to a time range which starts at the time given (in ms)
in the first column and ends at the time given in the second column. The averages of these two
times are given in the thurd column. The fourth column gives the number of hits (failures), and the
fifth column gives the total number of shots in each time range. The final column gives the
percentage of shots that resulted in hits.

The increase in hit percent with decreasing flight time is clearly seen. There were no hits in the
first range with the average time of 0.39 sec, whereas the subjects were hit nearly 50% of the time
when the average time was 0.23 sec, and nearly 77% of the time when the average time was 0.14
sec. These results will be exhibited more clearly in a graph given in Section 4,

r' TABLE 2 COLLEGE BASEBALL SUMMARY —-

- min bme |max time]ave time |hits |shotslhit percent
376 398 387 ol 36 0.0

363 373 368] 4| 44 B.1

_297 at8] 307.5| 8 35 22.9

279 295 287| 13! 45 28.9

221 236] 228.8) 17| 3s 48.6

209 218 214] 27| 45 0.0/

145 153 149 27| 37 73.0

135 144] 139.5] 33| 43 78.7

HIGH SCHOOL WOMEN SOFTBALL SUMMARY

388 433 411 6| s8 10.3

360 386 373] 13] 62 21.0]

307 33| 321.5f 13| 48 27.1] e

290 305{ 297.5) 18] &2 34.6

224 245} 234.5] 28| 61 45.9
180 222 208} 30| ss8 50.

149 167 158} 37! 53 85.8

141 148] 144 5] 42| 471  89.4]

The data for women's high-school softball are also given in Table 2. The subjects were five

excellent players who played on the 1995 NET Sluggers team. Their demographics are also given

in Table 1. There were 440 recorded shots in the initial round of tests. The results are similar to

those for college baseball, but the hit percentage is significantly higher in each time range. There
r was about a 10% failure rate for a flight time 0.41 sec, 51% for 0.21 sec, and 90% for 0.14 sec.
) The time range for which no hits occurred was from 0.405 to 0.433 sec.

i RAB-000235
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The data from the other subject categories are given in Table 3. The results for the two high
school and four recreational baseball players are grouped into four time ranges, and the same
trends as noted above are observed. Only one (11-year-old) Dixie Youth player participated in the
tests, and, for safety concerns, data was only taken for him at 40 and 50 ft. His response times are
clearly much greater than those above, but the statistics here are unfortunately limited.

TABLE 3: OTHER MENS BASEBALL DAIQ;‘SUMMARY

CATEGORY min,_tme |mex._time |ave. time|hits |shots hit percent
| High School 373 390 381.5 8] 30 30.0
293 325 309 B} 20 40.0

215 227 _221] 151 20 75.0

140 148 144 18f 20 90.0

Recreational 358 405 381.8] 14] 40 35.0
281 3158 298] 21 40 §2.5

208 232 218] 41 54 75.9

140 156 148) 15] 20 75.0
Dixie Youth 401 424 d412.5] 12( 20 60.0‘
313 336 324 5| 13f 20 65 0
IOTHEH SOFTBALL DATA SUMMARY ; F
CATEGORY min time |max. time Jave, time|his |shots|{hit percent
Coll BB play. _382 455 423.5 0ol 40 0.0
305 344 324 5 1 40 2.5
228 250 238] 10| 40 25.0)

149 165 157 15 40 37.5

—109 125 114 211 —40 525

Coll Women 368 407 387.5 4 10 40.0
288 318 303 4 10 40.0

216 241] 228.5] 7] 10 700

139 156 147.50 10 10 100.0

B-levet Men 353 429 391 2] 20 10.0
_288 333 310.5 21 20 10.0

213 2501 _231.5] 14| 20 70.0

135 162 148 5] 14! 20 70.0|

103 120 111.5] t4] 20 70.0

Gids (DWS) 404 440 422] 2] 20 10.0
423 341 382 4] 20 2__('.\._0_‘

235 _254 244 .5 7] __20 35.0

151 1683 187 8 20 40.0

| Senior Men 373 440 406.5] 19] 60 31.7
204 341 317.51 25} 640 41.7

2198 _254 236.5| 28] 60 48.7
143 169 156) 28] 50 58.0]

The remaining categories in Table 3 refer to shots with softballs. The results are grouped
into four or five time ranges, depending on whether on not data were also taken at 15 ft. The
subjects consisted of four of the college baseball players, two B-level men, one college woman,
two girls, and six senior men, The trends are as before, but, because there is much less data, the
results are, of course, not as statistically significant. Some noteworthy features of these resuits are
the better performance of the college baseball players at deflecting softballs instead of baseballs,
and the good performance of the twa (13 and 14 year old) girls.
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From the point of view of player safety, a most important number obtained in these tests is
the maximum time for which a failure occurred (MAX HIT TIME). These times are given in
Table 4 in increasing order. The number of subjects tested (SAMPLE), age range, and number of
shots recorded is also given for each category of baseball and softball. Al] of these results will be
analyzed in the following section, but it is immediately clear form these trends that response times
vary considerably from category to category, and so the high-performance bats and balls that may
be safe for college players may not be safe for younger or older players.

TABLE 4: CATCH TEST SUMMARY  sec
CATEGORY SAMPLE| AGES | SHOTS | MAX HIT TIM
| Colleqe BB _8l18.22| 320 0 368
High School BB 2 17 94 0 381
Recr BB 4120-54 154 0. 387
| Youth BB 1 1 40 0.417
Coli_men SB 4118-22] 200 0.331
Coli. women SB 1 18! 40 0.373
B-lavel men SB 2119.24 100 0 395!
HS. women SB £]15-181 440 0.404
Gids (DWS) SB 2113,14 a0 0.413
| Senior men SB gl38-541 230] 0 415

Additional tests, as described above, were performed on some of the college baseball
players. The first issue addressed was whether or not a pitcher is in more danger of being hit by a
batted ball than a player who is standing still before the ball is hit. Tests were performed at 40 and
50 ft on the three college players who had pitching experience. Ten shots at each distance and at

1-|

time needed to deflect the incident balls. Specifically, in both the 0.283-0.315 sec and 0.365-0.405
sec flight time ranges, there were 2 failures out of 30 shots; a 7% failure rate. There were no
failures in the 0.370-0.405 sec time range, and the maximum time for which a failure occurred was
0.368 sec, exactly as in the standing tests. It seems safe to conclude, even with these limited
statistics, that the pitchers do not require longer response times. The time taken for the bal! to
travel to the hitter is apparently sufficient for them to recover from their more-vulnerable post-
pitch position.

Three of the college players were also subjected to tests in which they were instructed to
avoid being hit by dodging out of the incident ball’s path. 30 shots were recorded in the flight time
range of 0.287-0.378 sec, and there were 18 observed failures out of 30 shots, for a failure rate of
60%. This is much worse than the 15% failure rate for the standing players (12 hits out of 79 shots)
in this time range. Such dodging tests (100 shots) were also performed on four of the high school
women softball players, and again the failure rate was found to be very high (75% in the 0.35-0.40
sec range, 65% in the 0.43-0.47 sec range, and 14% in the 0.50-0.54 sec range). It is therefore not
recommended that players use such dodging motions to avoid being hit, but players never seem to
attempt this anyway.

Additional standing tests at 20 ft were made on two of the college baseball players on

another day, and the result was a slightly improved success rate. Since only 60 shots were
r " recorded, however, this was not statistically significant. Tests on five of these players were also
RAB-000237
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made at a 15-ft distance, and there were 51 failures out of 77 shots. This failure rate of 66% is less
than anticipated from the trend observed in Table 2, but again this is not statistically significant.

e

4. ANALYSIS

Consider again the college baseball data in Table 2. The plot of the hit percent (sixth
column) verses average flight time (third column) is given by the points in the graph shown in
Figure 1. These points are seen to lie close to a straight line, and this is confirmed by the solid
line shown in the graph, which is a least-squares quadratic fit to the data. This fit is
indistinguishable from the straight line given by the equation

P=1206-312T,
where P is the hit percentage and T is the flight time in seconds. This linear expression
provides an excellent fit to the data ()* =2.56 for 6 degrees of freedom). This reveals a
remarkable and unexpected regularity of the data, which does not seem to have been previously
noted. It may have significant implications, which should be investigated in the future.

failure rate (3)  rrgyrr 1: COLLEGE BASEBALL

20

“o flight time (ms)

150 200 250 300 350

The women's high school softball results in Table 2 can be analyzed in exactly the same

way. The hit-percent verses average-time data points are plotted in Figure 2. The best

- quadratic fit, shown in the Figure,'is no longer & straight line, but the linear fit, shown in Figure

3, is as good. (Y’ =4.21 with 5 degrees of freedom for the quadratic fit and ¥* =7.32 with 6
degrees of freedom for the linear fit.)
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Given the above mtcrestmg straight-line fits to the failure-rate verses flight-time data, it is
relevant to ask if there is independent evidence for this. It is, in fact, possible to extract
supporting information from Reference 2 (Williams and MacFarlane). The reported tests had
male coliege students attempt to catch tennis balls shot at speeds of 57 to 123 mph from 20 or
30 ft.- (The stated flight times are from 0.111 to 0.353 sec, but these figures fail to take air-
resistance into account, and this effect is even more important for tennis balls than for
baseballs.) Reaction times are reported to increase from 0.16 to 0.18 sec as the ball speed
increased, whereas the movement time remained approxlmateiy constant at about 0.10 sec. In
Table I of this reference, the emror percentages are given for each of the (not very accurately
measured) four ball speeds. These results, converted to failure-rates verses flight-times, are
plotted in Figure 4. The results are consistent with the measurements reported in this paper, and
the indicated linear fit is seen to be good.

oK
failure rate (3) pocpy u[w.tmnl-mcf@‘!‘
o3 T

80 §

bl

70

65}

flicght tima cms)

200 250 300 30 N

For the remaining categones given in Table 3, the quantity of data is insufficient to warrant
a display of graphs and x evaluations, but all of the results are seen to be consistent with linear
fits as above. It will be interesting to sec if more extensive future data confirms the accuracy of

these fits.

5. HIT BALL SPEEDS

In the previous sections, the deflection success and failure rates were given as functions of

the flight times of the incident ball. In order to convert these rates into functions of hit ball

r. speeds, the distances between the hitters and the pitchers must be estimated. The distances
t between the home plate and the pitching mound are spec1fied for each venue, but the actual
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flight distance is less than this for baseball, because of the forward motion of the pitcher during
the pitch, and more than this for slow-pitch softball, because of the backward motion of the
- pitcher after the pitch. Typical values for these flight distances are 54 ft for conventional
baseball, 42 ft for youth baseball, and 50 ft for slow pitch softball. Given such a distance and a
flight time, the corresponding initial speed of the ball can be evaluated, again taking into

TABLE 5: CATCH TEST SUMMARY __sec|teet _ 1ips mph

CATEGORY | SaMPLE! AGES [SHOTS [MAX HIT TIME DISTANCE] MIN HIT SPEED] MIN HIT SPEED
College BB 8 320 0.368 _54 155 105
High School BB 2| 171 94 0.381 54 150 102]
Recr. BB _ 4]20-54] 154 D 387 54 147 100
Youth BB 1 INET] Y 0417 _42 107 73
Coll_man SB_ 4l18.220 200 0.331 50 159 108
Coll. women SB 1| 18] 40 0 373 50 144 98
B-level men SB 2119.24] 100 0 395 50 133 81
[Hs women SB 515-16] 440 0 404 50 133 90
[Girs (DWS) SB 2[13,14] 80 0413 50 127 87
Senior men SB_ 6]39-54 230 g 413 501 130 88

]

account the important effects of air resistance. The results are given in Table 5.

\

Table 4 is incorporated here as the first five columns. The sixth column gives the flight
distance (in feet) between hitter and pitcher, as discussed above. The seventh column gives the
initial hit ball speed (in feet per second) that results in the flight distance (column 6) being
covered in the maximum hit time (column 5), and the final column gives this same speed in

mph. The significance of these speeds is that there were no deflection failures for initial speeds
: i iniirrom it speed:

What can we conclude from these results about the safe response times and hit ball speeds in
baseball and softball? To completely answer this question, more data is needed, especially in
the neighborhoods of the maximum failure times observed in these tests, It is aiso necessary to
address the differences between these test conditions and game conditions in a quantitative way.
It is finally necessary to decide on what is an acceptable level of injury for each category of

play.

RAB--000241
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To illustrate how to proceed form the maximum failure times observed in these tests to
recommendations for the values of safe response times and corresponding hit ball speeds for the
various game categories, I consider first the college baseball data. Given that there were no
failures out of 36 shots in the 0.376-0.398 sec time range (Table 2), that the maximum failure
time was 0.368 sec (Table 4), and the regulanty of the data as indicated in Figure 1, I conclude
that a very conservative safe response time for college baseball players is 0.38 sec. To confirm
this, it is necessary to obtain more data in the vicinity of 0.38 sec, so that the tail of the failure
rate distribution can be fully explored. It can, however, be concluded now that the failure rate is
Jess than 1 in 36 for flight times greater than 0.368 sec, with an 83% confidence level. It is very
likely that the failure rate will be rather less than 1 in 36, but even this upper limit could be
acceptable. If it is assumed that 1 in 100 hits are directed towards the pitcher and are such that
an impact with the pitcher would result in a serious injury, and that 1 in 10 of these hits have
flight times to the pitcher of less than 0.368 sec (hit speeds greater than 105 mph), then at most
1 in 36,000 hits would lead to a serious injury. If it is further assumed that there are 20 hits per
game, than a pitcher would be possibly injured at most once in 1800 games.

Given that the safe response time is 0.38 sec, the safe maximum hit ball speed can be
evaluated, again taking into account the important effect of air resistance. Assuming that the
pitcher is 54 ft from the hitter at the time of the hit, it would require a hit speed greater than 104
mph for the ball to reach the pitcher in less than 0.38 sec. It is therefore concluded that, if the
baseballs and bats are restricted to give rise to hit ball speeds of 104 mph or less, than the
college baseball players will not be subjected to an inappropriate level of risk.

-

To determine the corresponding rgstrict.ion on baseball Pats. a pitch speed (at the bat) of 70

-

i1l .

weight and moment of inertia, this restricts the bat-ball COR to be 0.616 or less. If the ball
COR is 0.54, this restricts the BPF to be at most 1.14. This was the maximum BPF of the bats
used in the 1994 coilege baseball season. For this restriction to be meaningful, the ball
properties (COR and compression) must also be restricted. See Appendix 2 for more details,

As a second example, I consider next the women's high school softball data in Tables 2 and
4. Given that the maximum failure time was 0.404 sec (Table 4) and that there were O hits out of
32 shots in the 0.405-0.433 sec time range, a very conservative safe response time for this
category is 0.43 sec. A greater safety margin his been given here than for the men's college
category because of the smaller slope of the linear fit of Figure 3 compared to Figure 1, because
of the generally better response time of the male players, and because of the obvious desire to
provide more leeway for these younger female players. Although the precise conclusion from
the test results is that the probability of failure for response times of 0.405 sec or greater is less
than 1 in 32 (82% confidence level), the above graph strongly suggests that the failure rate is
considerably less than that. The 0.43-sec safe response time therefore is very reasonable. More
data in the neighborhood of this time is, of course, needed to finalize this conclusion.
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6. DISCUSSION

E

The results of the tests reported in this paper are summarized in Tables 2 - 5 and fgures 1 -
3. I have stressed that more tests are necessary to confirm these results, especially in the game
categories in which less than 200 shots were recorded or less than 5 subjects were involved.
What is needed in particular is additional measurements in the neighborhoods of the maximum
failure times. When such additional information is incorporated into the determination of safe
times and speeds, the recommended values may increase or decrease, but, given the
conservative choices made here for these times and speeds, I expect that future contributions
will decrease, rather than increase these estimates.

To illustrate this in detail, I consider again the measurements taken with the college baseball
players. Since no deflection failures were observed for flight-times greater than 0.368 sec, I
concluded that the failure rate is less than 1 out of 36 for times greater than 0.368 sec. When
additiona! tests are made with flight-times greater than 0.368 sec, failures will inevitably occur.
Let us say that when this new information is incorporated into the analysis, the resultant failure
rate becomes | out of N, where N is an integer, presumably greater than 36. Let us also say that
detailed observations reveal that 1 out of M game line-drives by batters result in a shot that
would seriously injure the pitcher if it were not deflected. It would foliow that 1 out of MN hits
would actually seriously injure a pitcher. If this is the injury rate chosen to be acceptable, then
the choice of 0.368 sec as the minimum safe response time will be confirmed. If this rate is
greater then the chosen one, then the safe time must be increased, and if it is less than the
chosen one, then this time must be decreased. The final choice for the safe time can thus be

o

precisely determined.

The minimum safe flight time of 0.38 sec for college baseball corresponds to a maximum
safe hit-ball speed of 104 mph. For typical college pitch and swing speeds (about 70 mph) and
a typical bat weight and moment of inertia, this corresponds to a BPF of about 1.14. (See
Appendix 2 for details.) Coincidentally, or perhaps not, this is the maximum measured BPF of
the 1994 college bats (tested at 60 mph). In fact, in the 1995 SGMA-NCAA ficld test, where
the pitch speeds were only 60 mph, the two bats with BPF's of 1.15 produced maximum
observed hit speeds of 103 and 104 mph. The details of this test are given in Reference 3.

For the other categories given in Table 5, the maximum hit times are greater and the speeds
are less. In using these results to estimate safe response times and hit ball speeds, due allowance
must be made for the limited sample size or the perceived vulnerability of some categories.
Thus, for male student baseball players, the times increase progressively as we proceed from
college to high-school to youth venues, and the same is true for the female student softball
venues, [t is also interesting to note which categories have similar response times. The college
{male) baseball players and (female) softball players are in the first class, with times of 0.37-
0.38 sec. The high-school and recreational baseball players, B-level softball players, and high-
schooi female softball players fall in the next class with times of 0.38-0.40 sec, and the final

NV
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class consists of the youth baseball and softball players and the senior softball players with
times of 0.41-0.42 sec.

It is also interesting to compare two indjvidual subjects, the youngest, 11-year-old Dixie
Youth pitcher Chance Murray, and the oldest, 54-year old retired player Jack MacKay. In the
baseball tests, the young player had a maximum failure time of 0.417 sec and a no-failure range
of 0.421-0.424 sec, whereas the old player had a maximum failure time of 0.363 sec and a no-
failure range of 0.368-0.387 sec. Keep in mind that individual comparisons such as this are
based on limited data and are therefore not necessarily statistically significant,

All of the data obtained in the tests have been seen (o satisfy the linear relationships given
by the straight-line fits shown in Figures 1 and 3. It was also shown that the data from
Reference 2 could be similarly described. It will be interesting to see if future measurements
confirm these remarkable regularities. If player response times were normally distributed, a
faster than linear rise in failure percentage would be expected for decreasing times. It is
possible that it is the decrease in reaction time with increasing ball speed that maintains the
slower linear rise. These issues constitute an arca for future research. It should be noted, in
connection with data plots such as those in Figures 1 - 4, that error bars shouid be associated
with the data points. Horizontal error bars, corresponding to the time ranges in Table 2, and
vertical error bars, corresponding to the finite sample sizes, should be incorporated into the

figures.

The importance of air resistance in the determination of flight times has been emphasized in
this paper. To illustrate this, I note that the coliege baseball no-failure time range of 0.368-0.398
sec would have decreased to 0.355-0.379 sec if air resistance had been neglected. Ailthough
neglecting air drag decreases the calculated values of flight-times, it also decreases the
calculated values of hit speeds corresponding to given flight time values, and these affects tend
to cancel one another.

The differences between tests such as those reported in this paper and real game situations
should be kept in mind. I have given some contributions to these differences is Section 1.
Laboratory measurements are obviously useful, but they must suppiemented by detailed
information about actual injuries sustained in games. Such game injuries should be carefully
monitored and recorded. It is in everyone’s interest to keep baseball and softball among the

safest sports.

44
RAB—OOOE



16
ACKNOWLEDGEMENTS

1 would like to thank the following people for their help with this research: Marty Archer
and George Manning of H&B, for permission to use their facility in Texas; Jack, Kay, and
Tripp MacKay for their hospitality in Texas, for supplying the subjects, and for help in running
the tests; Jess Heald and Dan Pitsenberger of Worth, for funding the project; Andy Rodriguez of
AMMCO, for introducing me to the bat performance issue; Dewey Chauvin of Easton, for
sending me Reference 1; and Professor Allen Mincer of the NYU Physics Department, for
vseful conversations about statistics.

REFERENCES
1) Brandt, R A. (1995). Bat Performance. Unpublished.

2 Williams, LR.T. & MacFarlane, D.J. (1975). Reaction Time and Movement Speed in a
High-Velocity Ball Catching Task. International Journal of Sport Psychology, 6, 63-74.

3) Brandt, R.A. (1995). SGMA-NCAA Field Test Report. Unpublished.

APPENDIX 1: Air Drag Effects on Ball Trajectories

Consider a ball of mass m moving though the atmosphere with velocity ¥ (speed v =|vl)

and with zero spin. In addition to the downward force mg of gravity, the ball experiences a
resistive drag force

F,=-4C,pAv*s,

where ¥ is the unit vector in the direction of the velocity, A is the cross-sectional area of the
ball, p is the density of air, and Cy is the drag coefficient. For smooth spheres and typical ball
speeds, C, is approximately equal to 0.5, but for baseballs and softballs, it is speed-dependent
and its values are in the 0.3 to 0.4 range for speeds in the neighborhood of 90 mph.

If the ball has non-zero spin, then it experiences an additional force, which is perpendicular
to the direction of the velocity. This force is directed upwards if the ball has bottom-spin, and
downwards if it has topspin. The presence of bottom spin is useful for hits to the outfield
because the upward (lift) force gives rise to longer hit distances. For line drives to the pitcher,
however, this effect is negligible, and any spin imparted to the hit ball will be at the expense of
hit ball speed. For a given pitch and swing speed, the fastest hit ball speed arises when no
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significant spin is imparted to the ball. In the determination of maximum hit speeds and
minimum flight times to the pitcher, it will therefore be assumed that the hit ball has negligible
spin. -

The flight of the ball after it leaves the bat is determined by the differential equation
m%}a‘ =—mgy~ *CDPA"':ﬁ-

where m is the mass of the ball (the ball weights are about mg=6.5 oz for softballs and mg=5.2
oz for baseballs). Given the drag coefficient as a function of speed, and the initial velocity, this
equation can be solved numerically to obtain the trajectory 7(f). The ball's position 7(z) and

oo dr(e)
velocity v(¢) = p

, at any time t after the hit, is thus obtained. The time of flight to any
specified distance can then be evaluated.

In the evaluation of the flight times between the cannon and the subjects used in this paper,
it was assumed that the hit balls were directed, at the measured initial speed, towards the face of
the subject standing at the measured distance from the cannon. In the evaluation of the flight
times between a hitter and a pitcher, it was assumed that the hit balls were directed, at the
specified initial speed, at the face of the pitcher standing 54 feet from the hitter.

APPENDEX 2: Bat Performance

In the text of this paper, data on response times and corresponding hit ball speeds were
presented and analyzed. Ta relate this data to bat performance, I will use the following equation
for hit ball speed v":

_V(+e)+vie-k)
- 1+k ’

14

where V is the bat swing speed at the impact point, v is the pitch speed, e is the COR between
the bat and ball, and k is the combination

_w_ wR-a)
k—W+ 1-Wa* '

in terms of the ball weight w, bat weight W, bat center of mass a, bat moment of inertia I, and
impact distance R. (a, I, and R are relative to a fixed point six inches from the bat knob.) The
hit speed is seen to depend and many factors: bat properties (W, a, I), ball propetrties (w), ball-
bat properties (¢), pitcher properties (v), and hitter properties (V, R).

e o RAB-000246
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To simplify these expressions, I use the factorization e=Be,, where e, is the ball COR and B
is the bat performance factor (BPF). B, defined as the COR between the bat and a test ball -
divided by the COR of the test ball. is approximately a property of the bat alone. I also will
assume that the impact point R is the center of percussion of the bat. This point is
approximately the point of maximum hit speed. Then the hit speed depends separately on the
bat properties (B, W, I}, ball properties (e,, w), and player speeds (v, V)

For further simpliﬁcation. I will use the fact that v' depends only weakly on the bat weight
W and MOI 1. This fact is a consequence of the decrease in bat speed V with increasing W or I,
This leads to optimal values of these bat properties, which are about W = 30 o2 and I = 9675 oz~
in? for a typical adult male hitter. I will also use 70 mph as the typical bat swing speed V at the
COP for such a hitter, and assume that the pitch speed v (at the bat) is 70 mph for college
baseball and 30 mph for slow-pitch softball. Finally, the ball parameters will be those specified
by most ballgame associations: w = 5.25 oz and ¢, = 0.54 for baseball and w = 6.5 and e, = 0.47
for softbal]. With these assumptions, k = 0.25 for baseball and k = 0.30 for softball.

The above equation for hit speed v’ can now be used to translate the maximum safe values
of v' into maximum safe valucs of BPF B. For college baseball, v’ = 104 mph was the
maximum safe hit ball speed, and this gives ¢ = 0.554 as the maximum safe bat-ball COR at the
ball~ba.t relatwc specd V+v 140 mph. The BPF tests and ball COR measurements are

bat BPF measuremems the valve of the bascball COR €= 0 54 at 60 mph must be e.xtrapolatcd
from 60 to 140 mph. Using the existing information on how baseball CORs decrease with
increasing speed, the result is that e, = 0.485 at 140 mph. Therefore, the maximum hit speed of
104 mph corresponds to a maximum BPF of 0.554/0.485 = 1.14. This is the maximum BPF of
the bats used in the 1994 college baseball scason. For men's B-level softball, the maximum
safe hit speed of 94 mph corresponds to a maximum ball-bat COR of 0.612 at 100 mph, and a
maximum BPF of 1.38. Since this is much greater than the BPF of 1.20 allowed by the USSSA,
player safety does not appear to be a factor in the determination of bat performance limits in
softball,

, RAB--000247
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